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12v 18Ah SEALED LEAD ACID BATTERIES, 
new and boxed, unused pack of 4 £39.95 ref 
CYC7 or £15 each ref CYC6 

AUTOMATIC CHARGER Fortheabove batteries, charges 


2 at once, charge level indicator circuitry, 6 hour charge. £10 ref CYC8 


A new range of 12v to 240v 
INVERTERS 
iV400S (400 watt) £89 
IV800S (800 watt) £159 


IV1200S (1200 watt) £219 


ECG MACHINES?/6v 10AH BATTS/24V 8A TX Ex 


government ECG machines! Measures 390X320X120mm, on the 
front are controls for scan speed, scan delay, scan mode, loads of 
connections on the rear including video out etc. On the front panel are 
two DIN sockets for connecting the body sensors to. Sensors not 
included, Inside 2 x 6v 10AH sealed lead acid batts (generally not in 
good condition), pcb's and a 8A? 24v torroidial transformer (mains in). 
sold as seen, may have one or two broken knobs etc due to poor 
storage. £15.99 ref VP2 


SODIUM LAMP SYSTEMS £75.70 compete system 
with 250w or 400 watt SON-T Agro bulb, reflector with bulb 
holder and remote ballast and starter(uncased) all you need is 
wire. 250W system ref SLS1, 400W system SLS2. 

PC SUPPORT HANDBOOK the uttimate technical 
guide to building and maintaining PC's. Over 460 A4 pages 
packed with technical data and diagrams just £10 ref PCBK. ff 
you want 4 copies for £33 ref PCBKZ2. Also available is a CD 
packed with diagnostic programmes to use with the book £5 ref 
PCBK1 


D SIZE NICADS tagged, 1200mA, 1.2v pack of 4 for £6 ref 
CYCS or as a pack of 24 for £22 ref CYC10 


D SIZE SEALED LEAD ACID BATTERIES 

2v 2.5ah rechargeable sealed lead acid battery made by Cyclon. 
60x45mm (standard D size) supplied as a pack of 12 ar 20 giving you 
options for battery configerations eg 12v at Sah, 24v at 2.5ah, 6v at 
10ah. These batteries are particularly useful in that you can arrange 
them in your project to optimise space etc (eg boat batlast etc) Pack of 
12 £10 ref CYC4, pack of 20 £16 ref CYCS 


HYDROPONICS DO YOU GROW YOUR OWN? 


We have a full colour hydroponics catalogue available containing 
nutrients, pumps, fittings, enviromental control, light fittings, plants, test 
equipment etc Ring for your free copy. 


PC COMBINED UPS AND PSU Tre unit has a total 


power of 292 watts, standard mother board connectors and 12 periphera} 
power leads for drives etc. Inside is 3 12v 7.2aH sealed lead acid 
batteries. Backup time is 8 mins at full load or 30 mins at half load. Made 
in the UK by Magnum, 110 or 240vac input, +5v at 35A, -5vat.SA, +42v 
at 9A, -12v at .5A outputs. 170x260x220mm, new and boxed. £29.95 
Ref PCUPS2 


ALTERNATIVE ENERGY CD. packep WITH Hun- 


DREDS OF ALTERNATIVE ENERGY RELATED ARTICLES, PLANS 
AND INFORMATION ETC £14.50 REF CD56 


AERIAL PHOTOGRAPHY KIT This rocket comes with 
a built in camera! it flies up to 500 feet (150 m) turns over, and takes an 
aerial photograph of the ground below. The rocket then returns wih its 
film viaits paracute. Takes 110 film. Supphed complete with everything 
including a launch pad and 3 motors (no film) £29.98 ref astro 


PROJECT BOXES Another bargain for you are these smart 
ABS project boxes, smart two piece screw together case measuring 
approx 6"x5"x2" complete with panel mounted LED. !nside you will find 
loads of free bits, tape heads, motors, chips resistors, transistors etc. 
Pack of 20 £19.95 ref MD2 

TELEPHONES Justin this weekts a huge delivery oftetephones, 
all brand new and boxed. Two piece construction - Hliuminated keypad, 
tone or pulse (switchable), recall, redial and pause, high/low and off 
ringer switch and quality construction. Off white colour and is supplied 
with a standard intemational lead (same as US or modems) if you wish 
to havea BT tead supplied to convert the phones these are £1.55each 
ref BTLX Phones £4.99 each ref PH2 10 off £30 ref $S2 

3HP MAINS MOTORS single phase 240v, brand new, 2 
pole, 340x18O0mm, 2850 rpm, builtin automatice reset. overtoad pro- 
tector, keyed shaft (40x16mm)Made by Leeson. £99 each ref LEE 
BUILD YOU OWN WINDFARM FROM SCRAP 
New publication gives step by step guide to building wind generators and 
propeliors. Armed with this publication and a good local scrap yard 
could make you self sufficient in electricity! £12 ref LOT81 


CHIEFTAN TANK DOUBLE LASERSS WATT+3 
WATT+LASER OPTICS coutdbe adapted for laserlistener, 


long range comms etc Double beam units designed to fit in the barrel 
of a tank, each unit has 2 semi conductor lasers and motor drive units 
for alignement. 7 mile range, no circuit diagrams due to MOD, new price 
£50,000? us? £199. Each unit has two gallium Arsenide injection 
lasers, 1 x 9 watt, 1 x 3 watt, 900nm wavelength, 28vdc, 600hz pulse 
freq. The units also contain a receiver to detect reflected signals from 
targets. £199 Ref LOT4. 

MAGNETIC CREDIT CARD READERS anpD 


ENCODING MANUAL €9.95 Cased with fiyleads, designed to 
read standard credit cards! complete with control elctronics PCB and 
manual covering everything you could want to know about whats hidden 
in that magnetic strip on your card! just £9.95 ref BAR31 


SOLAR POWER LAB SPECIAL 2x 6x6" 6v 130ma 


cells, 4LED’s, wire, buzzer, switch + relay or motor. £7.98 REF SA27 
SOLAR NICAD CHARGERS 4 « Aa size £9.99 ref 
6P476, 2x C size £9.99 ref eP477 YOUR HOME COULD 
BE SELF SUFFICENT IN ELECTRICITY 


Comprehensive plans with loads of info on designing systems, panels, 
control electronics etc £7 ref PV1 


AUTO SUNCHARGER 155x300mm solar panel with diode 
and 3 metre lead and cigar plug. 12v 2w. £12.89 REF AUG10P3. 












STEPPER MOTORSsrand new stepper motors, 4mm fhang 
holes with 47. 14mm fixing centres, 20mm shaft, 6.35mm diameter, Sv/ 
phase, 0.7A/phase, 1.8 deg step (200 step) Body 56x36mm. £14.99 
earef STEP6, packof 4 for£49.95. PIC based variable speedcontroller 


kit £15 ref STEP? 


200mpg fromournew Velosolex 
motorized bikes £695 inc vat 


Sales 01273 383848 
Hydrogen fuel cells 


Our new Hydrogen fuel celis are 1v at up tp 1A output, 
Hydrogen input, easily driven from a small electrolosis 
assembly or from a hydrogen source, our demo model 
uses a solar panel with the output leads in a glass of salt 
water to produce the hydrogen! Each cell is designed to be 
completely taken apart, putback together and expanded to 
what ever capacity you like, (up to 10watts and 12v per 
assembly. Cells cost £79 ref HFC11 


We get over 10,000 hits a day..... 
http://www.bull-electrical.com 


PHILIPS VP406 LASER DISC 


PLAYERS, scart output, Just PUT YOUR VIDEO 
DISK IN AND PRESS PLAY, STANDARD AUDIO AND VIDEO 
OUTPUTS, FULLY TESTED AND WORKING. £24.95 REF VP406 
SMOKE ALARMS sains powered, made by the famous 
Gent company, easy fit next tolightfittings ,power point. Packof5£15 
ref SS23, pack of 12 £24 ref SS24 

4AH D SIZE NICADS pack of 4£10 ref 4AHPK 


SENDER KIT Contains allcomponentsto build aA/V transmitter 
complete with case £35 ref VSXX2 
10 WATT SOLAR PAN EL Amorphous silicon panel fitted 


in a anodized aluminium frame. Panel measures 3' by 1' with screw 
terminals for easy connection... 3’x 1‘ solar panel £55 ref MAG45 
Unframed 4 pack (3°x1’) £58.99 ref SOLX 

12V SOLAR POWERED WATER PUMP Perfect 
for many 12v DC uses, from solar fountains to hydroponics! Smail 
and compact yet powerful. works direct from our 10 watt solar panel 
in bright sun. Max hd:I7 ft Max flow = 8 Lpm,1 .5A Ref AC8 £18.99 
SOLAR ENERGY BANK KIT 50x 6"x12" 6v solar 
panels(amorphous)+50 diodes £99 ref EF112 
PINHOLE CAMERA MODULE WITH AUDIO! 


Superb board camera with on board sound! extra small just 28mm 
square (including microphone) ideal for covert surveillance. Can be 
hidden inside anything , even a matchbox! Complete with 15 metre 
cable, psu and tv/vcr connnectors. £49.95 ref CC6J 


SOLAR MOTORS tiny motors which run quite happily on 


voltages from3-12vdc. Works on our 6v amorphous 6" panels and 
you can run them from the sun! 32mm dia 20mm thick. £1.50 each 
WALKIE TALKIES 1 MILE RANGE €37/PAIR REF MAG30 


LIQUID CRYSTAL DISPLAYS Bargain prices, 
16 character 4 line, 62x25mm £5.99 ref SMC1640A 

40 character 1 line 154x16mm £6.00 ref SMC4011A 
YOUR HOME COULD BE SELF SUFFICENT 
IN ELECTRICITY Comprehensive plans with loads of info 
on designing systems, panels, contro! electronics etc £7 ref PV1 
AUTO SUNCHARGER 155x300mm solar panel with diode 
and 3 metre lead and cigar plug. 12v 2w. £12.99 REF AUG10P3. 
SOLAR POWER LAB SPECIAL 2x6"x6" 6v 130ma 
cells, 4LED's, wire, buzzer, switch + relay or motor. £7.99 REF SA27 
SOLAR NICAD CHARGERS 4 « Aa size £9.99 ref 
6P476, 2x C size £9.99 ref 6P477 


MINATURE TOGGLE SWITCHES These fop quality 
Japanese panel mount toggle switches measure 35x13x12mm, are 2 
pole changeover and will switch 1A at 250vac, or 3 A at 125vac. 
Complete with mounting washers and nuts. Supplied as a box of 100 
switches for £29.95 ref SVWWT35 or a bag of 15 for £4.99 ref SWT34 


VOICE CHANGERS hoid one of these units over your 
phone mouth piece an you can adjust your voice using the controls on 
the unit! Battery operated £15 ref CC3 


REGISTER FOR OUR 
ELECTRONIC NEWSLETTERS 
BULL-ELECTRICAL.COM 





BULL ELECTRICAL 


250 PORTLAND ROAD, HOVE, SUSSEX. 
BN3 5QT. (ESTABLISHED 50 YEARS). 


MAIL ORDER TERMS: CASH, PO OR CHEQUE 


WITH ORDER PLUS £4.00 P&P PLUS VAT. 


24 HOUR SERVICE £6.58 PLUS VAT. 
OVERSEAS ORDERS AT COST PLUS £3.50 


(ACCESS,VISA, SWITCH, AMERICAN EXPRESS) 


‘phone orders : 01273 2033500 


FAX 01273 323077 
Sales@bull-electrical.com 













30 WATTS OF SOLAR POWER for just£69, 4 
panels each one 3'x1' and producing 8w, 13v. 
PACK OF FOUR £69 ref SOLX 


200 WATT INVERTERS opiugs straight into your car 
cigarette lighter socket and is fitted with a 13A socket So you can run 
your mains operated devices from your car battery. £49.95 ref SS66 


THE TRUTH MACHINE Tells if someone is lying by micro 
tremors in their voice, battery operated, works in general conversation 
and on the ‘phone and TV as well! £42.49 ref TD3 


INFRA RED FILM 6" square piece of fiexibie infra red film that 
willonty allow IR light through. Perfect for converting ordinary torches, 
lights, headlights etc to infrared output anly using standard light bulbs 
Easily cut to shape. 6" square £15 ref IRF2 

33 KILO LIFT MAGNE Treodynium,32mm diameter with 
a fixing bolt on the back for easy mounting. Each magnet will lift 33 kilos, 
4 magnets bolted to a plate will lift an incredible 132 kilos! £15 ref 


MAG33 Pack of 4 just £39 reg MAG33AA 


HYDROGEN FUEL CELL PLANS L cadsofinformation 


onhydrogen storage and production. Practical plans to build a Hydrogen 
fuel cell (good workshop facilities required) £8 set ref FCP1 
STIRLING ENGINE PLANS interesting information pack 
covering all aspects of Stirling engines, pictures of home made 
engines made from an aerosol can running on acandle! £12 refSTIR2 
ENERGY SAVER PLUGS saves up to 15% electricity 
when used with fridges, motars upto 2A, light bulbs, soldering irons etc. 
£9 ea ref LOT71, 10 pack £69 ref LOT72. 

12V OPERATED SMOKE BOMBS type 3 is a 12v 
trigger and 3 smoke cannisters, each cannister will fill a room in a very 
short space of time! £14.99 ref SB3. Type 2 is 20 smailer cannisters 
(suitable for mock equipment fires etc) and 1 trigger module for £29 
ref SB2 Type 1 is a 12v trigger and 20 large cannisters £49 ref SB1 
Hi POWER ZENON VARIABLE STROBES veetu' 
12v PCB fitted with hi power strobe tube and control electronics and 
speed control potentiometer. Perfect for interesting projects etc 
70x55mm 12vdc operation. £6 ea ref FLS1, pack of 10 £49 ref FLS2 


NEW LASER POINTERS 4.5mw, 75 metre range, hand 
heid unit runs on two AA batteries (supplied) 670nm. £29 ref DEC49J 
HOW TO PRODUCE 35 BOTTLES OF WHISKY 
FROM A SACK OF POTATOES comprehensive 270 


page book covers ail aspects of spirit production from everyday 
materials. Includes construction details of simple stills. £12 ref MS3 


NEW HIGH POWER MINI BUG witha range of up to 
800 metres and a 3 days use from a PP3 this is our top selling bug! 
less than 1“ square and a 10m voice pickup range. £28 Ref OT102. 


IR LAMP KIT Suitable for cctv cameras, enables the camera 
to be used in total darkness! £6 ref EF 138 


INFRA RED POWERBEAM nandheid battery powered 
lamp, 4inch reflector, gives out powerful pure infrared light! perfect for 
CCTV use, nightsights etc. £29 ref PB1. 

SUPER WIDEBAND RADAR DETECTOR cetects 
bothradarand laser, XK and KA bands, speed cameras, and all known 
speed detection systems. 360 degree coverage, front&r 
earwaveguides, t.1"x2.7"x4.6" fits on visor or dash £149 


LOPTX made by Samsung for colour TV £3 each ref SS52 
LAPTOP LCD SCREENS 240x175mm, £12 ref sss1 
WANT TO MAKE SOME MONEY? STUCK 


FOR AN IDEA? We have collated 140 business manuals that 
give you information on setting up different businesses, you peruse 
these at your leisure using the text editor on your PC. Also included is 
the certificate enabling you to reproduce (and sell) the manuals as 
much as you like! £14 ref EP74 


HIGH POWER DC MOTORS, PERMANENT 


MAGNET 12 - 24v operation, probably about 1/4 horse power, 
body measures 100m x 75mm with a 60mm x 5mm output shaft with a 
machined flat on it. Fixing is simple using the two threaded bolts pro- 
truding from the front £22 ref MOT4. 


Online 


web catalogue 


bull-electrical.com 
ELECTRONIC SPEED CONTROLLER KIT For 


the above motor is £19 ref MAG17. Save £5 if you buy them both 
together, 1 motor plus speed controller mp is £41, offer price £36 ref 
MOTSA 


INFRA RED REMOTE CONTROLS made for Tvs 


but may have other uses pack of 100 £39 ref IREM 


RCB UNITS Inline IEC lead with fitted RC 
breaker. Installed in seconds. Pack of 3£9.98 
ref LOT5A 


On our web sites you can 


1. Order online. 

2. Check your premium bonds. 

3. Enter our auction or build your own. 

4. Add E-commerce to your own site. 

5. Discover our software site, optical site, 
hydroponics site, holiday home exchange 
site, inkjet site, hotels site. 

6. View our web camera. 

7. Invest in our future. 


http://www.bullnet.co.uk 
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Projects and Circuits 


GINORMOUS STOPWATCH - 1 by Ned Stojadinovic 788 
Events timer with in-built |.c.d. and remote big digit displays, plus 
radio-controlled gating 


VIBRALARM by Terry de Vaux-Balbirnie 798 
Multi-purpose vibration-triggered alarm with remarkable sensitivity 

INGENUITY UNLIMITED hosted by Alan Winstanley 804 
One-volt L.E.D. | 

ACOUSTIC PROBE by Robert Penfold 812 


An audio “telescope” or stethoscope to investigate distant or low level 
sounds — another Starter Project 


DEMISTER ONE-SHOT by Terry de Vaux-Balbirnie 842 
Save car battery use and fuel consumption by minimising rear-screen 
power-on times! 


Series and ‘Features 


NEW TECHNOLOGY UPDATE by lan Poole 792 
Copper-based interconnections in i.c.s increase their operational speed 


PRACTICAL OSCILLATOR DESIGNS - 5. Crystal 
and crystal-controlled oscillators by Raymond Haigh 806 
Worked examples and circuit info for hands-on constructors 


TEACH-IN 2000 - 1. Colour Codes and Resistors by John Becker 816 
Everything (well — nearly!) that a novice needs to learn about electronics. 
Includes breadboard experiments and interactive computer simulations. 

First in a 10-part series 


PRACTICALLY SPEAKING by Robert Penfold 834 
A novice’s guide to identifying integrated circuits 
CIRCUIT SURGERY by Alan Winstanley and lan Bell 837 


More Earthly Comments; Thermal Conductivity; Oscillator Feedback; 
Simulations; Asta Movistor; Watts Wrong? 


NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 851 
Happy Kriz-mas; |-Seek-You; Links 


Regulars and Services 





EDITORIAL 787 
NEWS - Barry Fox highlights technology’s leading edge 795 
Plus everyday news from the world of electronics 

BACK ISSUES Did you miss these? 802 
SHOPTALK with David Barrington 826 
The essential guide to component buying for EPE projects . 
CD-ROMS FOR ELECTRONICS 828 


Parts Gallery + Electronic Circuits and Components; Digital 
Electronics; Analogue Electronics; plus PiCtutor, plus Modular Circuit 
Design; see also Direct Book Service pages 





READOUT John Becker addresses general points arising 831 

ELECTRONICS MANUALS 840 

Essential reference works for hobbyists, students and service ShgInoors 

Plus digital multimeter special offer 

DIRECT BOOK SERVICE : : 847 

A wide range of technical books available by mail order, plus more CD-ROMs 

ELECTRONICS VIDEOS Our range of educational videos 850 
© Wimborne Publishing Ltd 1999. Copyright in all PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE — 852 


4 hot h d articl blished F “ Woes 
agg a PeACTIC - a ROTRORICE vETI ie PCBs for EPE projects - some at “knockdown” prices! Plus EPE software 


fully protected, and reproduction or imitations ing Ryyenriercpoc IAINne a : | ae 
be Ay or in part are expressly forbidden. ADVERTISERS INDEX 856 








Our December ’99 issue will be published on Readers Services @ Editorial and Advertisement Departments 787 
Friday, 5 November 1999. See page 779 for details. 


Everyday Practical Electronics/ETI, November 1999 777 

















Visit our website 
www.distel.co.uk 


Converts your colour monitor into a QUALITY COLOUR TV!! 








The TELEBOX is an attractive fully cased mains powered unit, containing all 
electronics ready to plug into a host of video monitors or AV equipment which 
are fitted with a composite video or SCART input. The composite video output 
will also plug directly into most video recorders, allowing reception of TV chan- 
nels not normally receivable on most television receivers* (TELEBOX 
MB). hye beaenbbeerbrorebep bed ky ly ot “fo teres Aer doe poomary 
‘off air’ UHF colour television channels. TELEBOX MB covers virtually all telev- 
sion frequencies VHF and UHF including the HYPERBAND as used by 
most cable TV operators. ideal for desktop computer video systems & PiP 
(picture in picture) setups. For complete compatibility - even for monitors without 
sound - an integral 4 watt audio amplifier and low level Hi Fi audio output are 
provided as standard. Brand new - fully guaranteed. 

TELEBOX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with integral speaker £39.50 
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification, 
“For cable / hyperband signal reception Telebox MB should. be con- 
nected to a cable type service. Shipping on all Telebox's, code (B) 


State of the art PAL (UK spec) UHF TV tuner module 

with composite 1V pp video & NICAM hi fi stereo sound 

outputs. Micro electronics ail on one small PCB only 73 x 160 

x 52 mm enable full tuning control via a simple 3 wire link to an 

IBM pc type computer. Supplied complete with simple working pro- 

gram and documentation. Requires +12V & + 5V DC to operate. 

BRAND NEW - Order as MYOO. Only £49.95 code (B) 
See www.distel.co.uk/data_my00.htm for picture + full details 


« 


All units (unless stated) are BRAND NEW or removed from often 
brand new equipment and are fully tested, aligned and shipped to 
you with a full 90 day guarantee. Call or see our web site 
www. distel.co.uk for over 2000 unlisted drives for spares or repair. 


3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25.95(B) 
3%" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(B) 
5%" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95(B) 
5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE £29.95(B) 
5%" BRAND NEW Mitsubishi MF501B 360K £22.95(B 


Table top case with inte 4 PSU for HH 5%" Floppy/HD £29.95(B 
8” Shugart 800/801 8" SS refurbished & tested £210.00(E) 
8” Shugart 810 8" SS HH Brand New £195.00(E) 
8” Shugart 851 8" double sided refurbished & tested £260.00(E) 
8" Mitsubishi M2894-63 double sided NEW £295.00(E) 
8" Mitsubishi M2896-63-02U DS slimline NEW £295.00(E) 
Dual 8" cased drives with integral power supply 2 Mb £499.00(E) 


2%" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £79.95 
2%" TOSHIBA MK2101MAN 2.16 Gb laptop (19 mm H) New £89.50 
2%" TOSHIBA MK4309MAT 4.3Gb laptop (8.2 mm H) New £105.00 
2%" TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New£190.00 
2%" to 3%" conversion kit for Pc's, complete with connectors £14.95 


3%" FUJI FK-309-26 20mb MFM I/F RFE £59.95 
3%" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95 
3%" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00 
3%" QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE £49.00 
5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 
5%" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95 
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 
5%" HP 97548 850 Mb SCS! RFE tested £99.00 
5%" HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8" NEC D2246 85 Mb SMD interface. New £199.00 
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00 


Many other drives in stock - Shipping on all drives is code (C1) 


MITS. &e FA3445ETKL 14” Industrial spec SVG/\ monitors £245 
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies £995 
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy £1850 
1kW to 400 kW - 400 Hz 3 phase sources - ex stock £POA 
IBM 8230 Type 1, Token ring base unit driver £760 
Wayne Kerr RA200 Audio frequency response analyser £2500 
1BM_53F5501 Token Ring ICS 20 port lobe modules £750 
IBM MAU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 
ALLGON 8360.11805-1880 MHz hybrid power combiners £250 
Trend DSA 274 Data Analyser with G703(2M) 64 Vo £POA 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 
Marconi 2022C 10KHz-1GHz RF signal generator £1550 
Marconi 2030 opt 03 10KHz-1.3 GHz signal generator,New £4995 
HP1650B Logic Analyser £3750 
HP3781A Pattern generator & HP3782A Error Detector £POA 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675 
HP54121A DC to 22 GHz four channel test set £POA 
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900 
HP Ai, AO 8 pen HPGL high speed drum plotters - from £550 
HP DRAFTMASTER 1 8 pen high speed plotter £750 
EG+G Brookdeal 95035C Precision lock in amp £1800 
View Eng. Mod 1200 computerised inspection system £POA 
Sony DXC-3000A High quality CCD colour TV camera £995 
Keithley 590 CV capacitor / voltage analyser £POA 
Racal ICR40 dual 40 channel voice recorder system £3750 
Fiskers 45KVA 3 ph On Line UPS - New batteries £9500 
Emerson AP130 2.5KVA industrial spec.UPS £2100 
Mann Tally MT645 righ speed line printer £2200 
intel SBC 486/133SE Multibus 486 system. 8Mb Ram £945 
Siemens K4400 64Kb to 140Mb demux analyser £2950 


DISTEL on the web !! - Over 16,000,000 items from stock - www.distel.co. 


ALL MAIL TO 
Dept PE, 29/35 Osborne Rd 


Thornton Heath 
Surrey CR7 8PD 
Open Mon - Fri 9.00 - 5:30 








THE ORIGINAL SURPLUS WONDERLAND! 


THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 


OBSOLETE - SHORT SUPPLY - BULK 


10,000,000 items EX STOCK 
For MAJOR savinas 
CALL OB SEF OUR WEB SITE wow dictol oo 1k 


One of the highest specification 
monitors you will ever see - 
At this price - Don’t miss it!! 


Mitsubishi FA341SETKL 14” SVGA Multisync colour monitor with fine 
, 0.28 dot pitch tube and resolution of 1024 x 768. A 


features: Etched 
=" faceplate, text switching and LOW RADIATION MPR 
specification. Fully guaranteed, in EXCELLENT little 


Order as 
Titt & Swivel Base £4.75 Only £119 
VGA cable for IBM PC included. y ©) MITS-SVGA 





External cables for other types of computers available - CALL 






Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro 
monitors, Full multisync etc. 
Full 90 day guarantee. Only £199.00 (E) 


Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors. 
Good SH condition - from £299 - CALL for Info 


PHILIPS HCS35 (same s Pog as CM8833) attractively styled 14” 
colour monitor with both RGB and standard composite 15.625 
Khz video inputs via SCART socket and separate phono jacks. 
Integral audio power amp and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras. High quality with many features such as 
front concealed flap controls, VCR correction button etc. Good 


used condition - fully tested uaranteed 
Dimensions: Wid" xHi2%' xis4'b. Only £99.00 


PHILIPS HCS31 Ultra compact 9” colour video monitor with stan- 
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen bums). In attrac- 
tive square black plastic case measuring W10" x H10* x 13%" D. 


240 V AC mains powered. Only £79.00 (p) 


KME 10" 15M10009 high definition colour monitors with 0.28" ie 
pitch. Superb clarity and modern styling. . 
Operates from a y 15.625 khz sync RGB video 3 
source, with RGB analog and composite sync: 
such as Atari, Commodore Amiga, Acorn; 
Archimedes & BBC. Measures only 13%" x 12" x 


11". Good used condition. Only £125 (E) : 
20" 22" and 26" AV SPECIALS 


Superbly made UK manufacture. PIL all solid state colour monitors, 
complete with composite video & optional sound input. Attractive 
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.in 
EXCELLENT little used condition with full 90 day guarantee. 


20"...£135  22"....£155 26"....£185 fF) 


We probably have the largest range of video monitors in 
Europe, Ali sizes and types from 4" to 42" call for info. 





Virtually every type of power 
supply you can imagine.Over 
10,000 Power Supplies Ex Stock 
Call or see our web site. 


HP6030A 0-200V DC @ 17 Amps bench power supply £1950 
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150 
Nikon HFX-11 (Ephiphot) exposure control unit £1450 
PHILIPS PM5518 pro. TV signal generator £1250 


Motorola VME Bus Boards & Components List. SAE / CALL EPOA 


Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550 
Fujitsu M3041R 600 LPM high speed band printer £1950 
Fujitsu M3041D 600 LPM printer with network interface £1250 
Perkin Eimer 299B Infrared spectrophotometer £500 
Perkin Elmer 597 Infrared spectrophotometer £3500 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3250 


LightBand 60 output high spec 2u rack mount Video VDA's £495 


Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995 
B&K 2633 Microphone pre amp £300 
Taylor Hobson Tallysurf amplifier / recorder £750 
ADC S$S200 Carbon dioxide gas detector / monitor £1450 


BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 
ANRITSU MS9001B1 0.6-1.7 uM optical spectrum analyser £POA 
ANRITSU ML93A optical power meter £990 
ANRITSU Fibre optic characteristic test set £POA 


R&S FTDZ Dual sound unit £650 
R&S SBUF-E1 Vision modulator £775 
WILTRON 6630B 12.4 / 20GHz RF sweep generator £5750 
TEK 2445 150 MHz 4 trace oscilloscope £1250 


TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900 
TEK TDS524A 500Mhz digital realtime + colour display etc £5100 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 
PHILIPS PW1730/10 60KV XRAY generator & accessories LPOA 
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325 
CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs . £2900 


LONDON SHOP ¥&o 


Open Mon - Sat 9:00 - 5:30 
215 Whitehorse Lane 
South Norwood 
On 68A Bus Route 
Nr. Thornton Heath & 
Sethurst Park SR Rail Stations 














DISTEL© 


Visit our web site 
www.distel.co.uk 
email = admin @ distel.co.uk 


Surplus alwa 
wanted for cas 


Superb quality 6 foot 40U 
Virtually New, Ultra Sma 
Less than Half Price 


an pag 19" rack cabinets made in U 
Optima Enclosures Ltd. Units fea 
designer, smoked acrylic lockable front a 
full height lockable half louvered back 
and louvered removable side panels. 
adjustable internal fixing struts, ready pun 
for any configuration of equipment mou 
plus ready mounted integral 12 way 13 
socket switched mains distribution strip 
these racks some of the most versatil 
have ever sold. Racks may be stacked side by side and ther¢ 
require only two side panels to stand ony or in multiple bays. 
Overall dimensions are: 77%" H x 32%" D x 22” W. Order as: 
OPT Rack 1 Complete with removable side panels. 
OPT Back 2 Rack Lecc cide nanaic 


as 
as 


ee 





£345.0€ 
£245 O06 


32U - High Quality - All steel RakCz 


Made by Eurocraft Enclosures Ltd to the highest possible s 
rack features all steel construction with removable 
side, front and back doors. Front and back doors are << 
hinged for easy access and ail are lockable with <% 
five secure 5 lever barrel locks. The front door 
is constructed of double walled steel with a 
‘designer style’ smoked acrylic front panel to 
enable status indicators to be seen through the 
panel, yet remain unobtrusive. Internally the rack 
features fully slotted reinforced vertical fixing 
members to take the heaviest of 19” rack 
equipment. The two movable vertical fixing struts 
(extras available) are os punched for standard 
‘cage nuts’. A mains distribution panel internal- | 
ly mounted to the bottom rear, provides 8 x IEC 3 
pin Euro sockets and 1 x 13 amp 3 pin switched 
utility socket. Overall ventilation is provided by 
fully louvered back door and double skirined top section 
with top and side louvres. The top panel may be removed for 
of integral fans to the sub plate etc. Other features include: 
castors and floor levelers, prepunched utility panel at lower re 
cable / connector access etc. Supplied in excellent, slightly 
condition with keys. Colour Royal blue. External dimeng 
mm=1625H x 635D x 603 W. ( 64” H x 25” D x 23%” W ) 


Sold at LESS than a third of makers price !! 


A superb buy at only £245.00 


42U version of the above only £345 - CA 









































A special bulk purchase from a cancelled export order bring 
the most amazing savings on these ultra high spec 12v DC 
rechargeable batteries. Made by Hawker Energy Ltd, type S 
featuring pure lead pilates which offer a far superior shelf & gu 
teed 15 Me ar service life. Fully BT & BS6290 approved. Sur 
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 4 
M6 bolt terminals. Fully guaranteed. Current makers price ove 


eachOur Price £35 each , or 4 for £9$ 


Save £££L£'s by choosing your next relay from our Massive S 
covering types such as Military, Octal, Cradle, Hermetically Se 
Continental, Contactors, Time Delay, Reed, Mercury Wetted, 
State, Printed Circuit Mounting etc. , CALL or see our web 
www.distel.co.uk for more in ormation. Many obsolete types 
stock, Save £FPP's 


Undoubtedly a miracle of modern technology & 
our special buying power ! A quality product fea- 
turing a fully cased COLOUR CCD camera at a 
give away price ! Unit features full autolight sensing for 
sanitiiiaen use in low light & high light 
applications. A 10 mm fixed focus 
= wide angle lens gives excellent f 
and resolution trom close up to 
range. The composite video outp 
connect to any composite monitor 
(via SCART socket) and most. \ 
recorders. Unit runs from 12V D 
ideal for security & portable apg 
ii tions where mains power not avai 
Overall dimensions 66 mm wide x 117 deep x 43 high. Sug 
BRAND NEW & fully guaranteed with user data, 100's of ap 
tions including Security, Home Video, Web TV, Web Cams etc, 


Web ref=LK33 ONLY £99.00 or 2 for £180.0 





NT4 WorkStation, complete with service pag 
and licence - OEM packaged. ONLY £89.06 
ENCARTA 95 - CDROM, Not the latest - but at this price ! 
DOS 5.0 on 3%" disks with concise books c/w QBasic . £ 
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £§ 
Wordperfect 6 for DOS supplied on 3%" disks with manual £ 


shipping charges for software is code B 


ALL & ENQUIRIE 


FAX 0208 653 8888 


All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Goverment, 





to stock. Discounts for volume. Top CASH prices paid 


Be | sees ao Local Authorities - minimum account order £50. Cheques over £100 are subject to 10 working days clearance. Carriage charges (A)=£3.00, (A1 
B)=£5.50, (C)=£8.50, (C1) £12.50, (D)=£15.00, (E}= £18.00, (F)=£20.00, (G)=CALL. Allow approx 6 days for shipping - faster CALL. All goods supplied to our Standard 
me, Lh | 28, a Sab ee fe Stated guaranteed for 90 days. All lnpcrpe on a retum to base basis. All nghts reserved to change prices / specifications without prior notice. Order 
26 surplus goods. All trademarks, tradenames etc acknowledged. © Display Electronics 1999. E & O E. 07/99. 





SPECIAL IU SUPPLEMENT — 


Our Ingenuity Unlimited section has always been very 
popular with readers, so we have put the pressure on Alan 
Winstanley to edit as many contributions as possible in 
order for us to provide you with a bumper bundle in the 
December issue. Some that we hope to present for your 
delectation and dismemberment are: Serial Port Splitter; 
Elderly Person Monitor; Audio. Limiter; Rechargeable PP9 
Battery; Shaky Dice; VCO Generator; Tumble Dryer Alarm; 
AA to PP3 Converter; Pulse Modulated Inverter; National 
Lottery Predictor and, just for good measure, a TV system 
using a simple modulator based on a Nipkow disc as made 
famous by one John Logie Baird some time ago. 





TELECAN — A BRITISH FIRST 
IN HOME VIDEO RECORDING 


“There is a popular point of view, originated by Emerson, 





This very simple project can detect fixed mag- which assumes that building the first, or a better 

netic fields or fields that are varying at an audio mousetrap, results in people beating a path to your door - 

frequency. Fixed or slowly changing field : this must be the most pernicious aeny ever to 

strengths are registered on a centre-zero meter, misrepresent invention.” 

which indicates the polarity in addition to the Britain stands pre-eminent in creative science and engineering, 

relative field strength. Audio frequency fields, but the depressingly long list of “lost” British firsts in invention 

such as those produced around mains and | shows how often thwarted or disillusioned British inventors and 

audio transformers, are detected via a crystal innovators have either abandoned their ideas or gone abroad, 

earphone that can be used to monitor the thereby reducing British competitiveness. Decades of British 

Output signal. under-investment in British ideas and British technologies has 
The unit is not intended to provide accurate meant that other nations either independently develop the same 

measurement of magnetic field strength, andis ideas, or directly capitalise on British technical creativity — and 


soon overtake us.in our markets. 
Norman Rutherford and his partner Michael Turner have 
learnt this lesson and are quick to remind us. They should 


aimed at those who like.to experiment with 
something a bit different. Although quite simple, ) 


the unit is reasonably sensitive. A small and not know; back in the early 1960's they not only developed the first 

very powerful bar magnet can be detected: by . domestic video’ record and replay system, but also the first 

the prototype at about 100 millimetres from the. ~~ combined TV and:VTR’and the first Camcorder; but poor — 
_sensor, and drives the reading to full scale at a foresight by their backers and investors lost them the edge. This 

pang? of about 30 millimetres. — _ js the story of their inventions. 


PLUS: EPE TEACH-IN 2000 PART 2 
AND ALL THE REGULAR FEATURES 






DON'T MISS AN 
ISSUE - PLACE YOUR 

ORDER NOW! 
ELECTRONICS 


TODAY INTERNATIONAL @ Wemand is bound to be high 









DECEMBER ISSUE ON SALE FRIDAY, NOVEMBER 5 






; Everyday Practical Electronics/ETI, November 1999 














336-page Mail Order Catalogue 


1999 Issue 


SAME DAY DESPATCH 
FREE POST & PACKING 


Catalogue free of charge to addresses in United Kingdom. 
For overseas send 6 International Reply Coupons to: 


Squires, 100 London Road, 

Bognor Regis, West Sussex 
PO21 1DD 

Tel: 01243 842424 

Fax: 01243 842525 


SHOP NOW OPEN 





VARIABLE VOLTAGE 
TRANSFORMERS 


INPUT 220V/240V AC 50/60Hz OUTPUT OV-260V 
PANEL MOUNTING 
Price P&P 


| O-SKVA 25 amp max £33.00 £6.00 


(£45.84 inc VAT) 
1KVA 5 amp max £45.25 £7.00 
(£61.39 inc VAT) 
SHROUDED 
0-5KVA 2-5 amp max £34.00 £6.00 

(£47.00 inc VAT) 
1KVA 5 amp max £46.25 £7.00 
(£62.57 inc VAT) 
2KVA 10 amp max £65.00 £8.50 

(£86.36 inc VAT) 
3KVA 15 amp max £86.50 £8.50 
(£111.63 inc VAT) 
5KVA 25 amp max £150.00 (+ Carriage & VAT) 


Buy direct from the Importers. Keenest prices in the country. 


500VA ISOLATION TRANSFORMER 
Input lead 240V AC. Output via 3-pin 13A socket. 240V AC 
continuously rated. mounted in fibreglass case with handle. 


Internally fused.Price £35.00 carriage paid + VAT (£41.13) 


TOROIDAL L.T. TRANSFORMER 
Primary 0-240V AC. Secondary 0-30V + 0-30V 600VA. 
Fixing bolt supplied. 
Price £25.00 carriage paid + VAT (£29.38) 


COMPREHENSIVE RANGE OF TRANSFORMERS— 

LT- ISOLATION & AUTO 

110V-240V Auto transfer either cased with American socket 
and mains lead or open frame type. Available for immediate 
delivery. 


ULTRA VIOLET BLACK LIGHT BLUE 
FLUORESCENT TUBES 
4ft. 40 watt £14.00 (callers only) (£16.45 inc VAT) 
2ft 20 watt £9.00 (callers only) (£10.58 inc VAT) 
12in 8 watt £4.80 + 75p p&p (£6.52 inc VAT) 
9in 6 watt £3.96 + 50p p&p (£5.24 inc VAT) 
6in 4 watt £3.96 + 50p p&p (£5.24 inc VAT) 


230V AC BALLAST KIT 
For either 6in, 9in or 12in tubes £6.05+£1.40 p&p (£8.75 inc VAT) 
The above Tubes are 3500/4000 angst. (350-400um) ideal for detecting 
security markings, effects lighting & Chemical applications. 
Other Wavelengths of UV TUBE available for Germicidal & Photo 
Sensitive applications. Please telephone your enquiries. 


400 WATT BLACK LIGHT 

BLUE UV LAMP 
GES Mercury Vapour lamp suitable for 
use with a 400W PF. Ballast. 

Only £39.95 incl. p&p & VAT 


EVUROCARD 





Monsey Friday Tel: 0181-995 1560 


780 


SQUIRES 


A comprehensive range of Miniature Hand and Power Tools 
and now an extensive range of 


ELECTRONIC COMPONENTS 


featured in a fully illustrated 


SERVICE TRADING CO 


57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 
FAX: 0181-995 0549 





5 KVA ISOLATION TRANSFORMER 
As New. Ex-Equipment, fully shrouded, Line Noise 
Suppression, Ultra Isolation Transformer with termi- 
nal covers and knock-out cable entries.Primary 
120V/240V, Secondary 120V/240V, 50/60Hz, 
0-005pF Capacitance. Size, L 37cm x W 19cmc x H 
16cm, Weight 42 kilos. Price £120 + VAT. Ex-ware- 
house. Carriage on request. 
24V DC SIEMENS CONTACTOR 
Type 3TH8022-0B 2 x NO and 2 x NC 230V AC 10A. 
Contacts. Screw or Din Rail fixing. Size H 120mm x 
W 45mm x D 75mm. Brand New Price £7.63 incl. 
p&p and VAT. 
. 240V AC WESTOOL SOLENOIDS 
2 Mod. 1 Rat. 1 Max. stroke °/gin. Base mounting 
/gin. stroke 5ibs pull approx. fie Mod. 1 Rat. 1 
Max. stroke 1in.. Base Mere Tigin. stroke 15lb 
pyll approx. SERIES 400 Nod. Ra 2 Max. stroke 
/gin. Front mounting '/sin. stoke 15lbs_pull 


approx. Price incl. p&p & VAT. TTS £5.88, TT6 £8.81, ] 


SERIES 400 £7.64 
AXIAL COOLING FAN 
230V AC 120mm square x 38mm 3 blade 10 watt 
Low Noise fan. Price £7.29 incl. p&p and VAT. 
Other voltages and sizes available from stock. 
Please telephone your enquiries. 
INSTRUMENT CASE 

Brand new. Manufactured by Imhof. L 31cm x H 
18cm x 19cm Deep. Removable front and rear panel 
for easy assembly of your components. Grey tex- 
tured finish, complete with case feet. Price £16.45 
incl. p&p and VAT. 2 off £28.20 inclusive. 

DIECAST ALUMINIUM BOX 
with internal PCB guides. Internal size 265mm x 
165mm x 50mm deep. Price £9.93 incl. p&p & VAT. 2 
off £17.80 incl. 

230V AC SYNCHRONOUS GEARED MOTORS 
Brand new Ovoid Gearbox Crouzet type motors. H 
65mm x W 55mm x D 35mm, 4mm dia. shaft x 10mm 
long. 6 RPM anti cw. £9.99 incl. p&p & VAT. 
20 RPM anti cw. Depth 40mm. £11.16 incl. p&p & VAT. 


SOLID STATE EHT UNIT 
Input 230V/240V AC, Output approx 15KV. 
Producing 10mm spark. Built-in. 10 sec timer. 
Easily modified for 20 sec, 30 sec to continuous. 
Designed for boiler ignition. Dozens of uses in 
the field of physics and electronics, e.g. sup- 
eying neon or argon tubes etc. Price less case 
-50+£2.40 P&P (£12.81 inc VAT) NMS. 


EPROM ERASURE KIT 

Build your own EPROM ERASURE for a fraction ot the 
price of a made-up unit. Kit of parts less case includes 
12in. 8watt 2537, Angst Tube Ballast unit, pair of bi-pin 
leads, neon indicator, on/off switch, safety microswitch 
and circuit £15.00+£2.00 p&p. (£19.98 inc VAT) 
WASHING MACHINE WATER PUMP 
Brand new 240V AC fan cooled. Can be used for a 
variety of purposes. Inlet 1'/oin., outlet 1in. dia. 
Price includes p&p & VAT. £11.20 each or 2 for 
£20.50 inclusive. 





Ample 
Parking Space 











DISTANCE 
LEARNING COURSES in: 


Analogue and Digital Electronics 
Circuits, Fibres & Opto-Electronics 
Electronic Testing & Fault Diagnosis 
Programmable Logic Controllers 
Mechanics and Mechanisms 

GCSE and BTEC Mathematics 


Courses to suit beginners 

and those wishing to update 

their knowledge and practical skills 
Courses are delivered 

as self-contained kits 

No travelling or college attendance 
Learning is at your own pace 
Courses may have 

BTEC Certification and Tutoring 











For information contact: 

NCT Ltd., P.O. Box 11 

Wendover, Bucks HP22 6XA 

Telephone 01296 624270; Fax 01296 625299 
Web: hittp://www.nct.ltd.uk 


PLASTIC BOXES 
 & 
ENCLOSURES 


Contact us for your free catalogue 


S.L.M. (Model) Engineers Ltd 
Chiltern Road 
Prestbury | 

Chelteneham Telephone 01242 525488 


GL52 5JQ | Fax 01242 226288 
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SURVEILLANCE 


PROFESSIONAL QUALITY KITS 








No. 1 for Kits 





Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 20 years 
and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters are 


tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits avaliable only direct from Suma Designs. Beware Inferior imitations! 


UTX Ultra-miniature Room Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic. 3V- 
12V operation. 500m range £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including mic. 3V- 
12V operation. 1000m range £13.45 


STX High-performance Room Transmitter 
High performance transmitter with a buffered output stage for greater Stability and 
range. Measures 22mm x 22m, including mic. 6V-12V operation, 1500m range £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. 
Size 20mm x 40mm. 9V-12V operation. 3000m range 


VXT Voice-Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range £19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V A.C. supply for long-term monitoring. 
Size 30mm x 35mm. 500m range 


SCRX Subcarrier Scrambled Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range £22.95 


SCLX Subcarrier Telephone Transmitter 


Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to head- 
phones. Size 32mm x 70mm. 9V-12V operation. 


ATR2 Micro-Size Telephone Recording Interface 

Connects between telephone ‘line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line £13.45 


kaw Specials tk 


DLTX/DLRX Radio Control Switch 


£16.45 


£19.45 





Individual Receiver DLRX 


MBX-1 HI-Fi Micro Broadcaster 
Not technically a surveillance device but a great idea! Connects to the 
headphone output of your Hi-Fi, tape or CD and transmits Hi-Fi quality 
to a nearby radio. Listen to your favourite music anywhere around the 
house, garden, in the bath or in the garage and you don’t have to put 
up with the Du’s choice and boring waffle. . 

Size 27mm x 60mm. 9V operation. 250m range 









Derr. EE 


SUMA 


THe Worksnops, 95 Main Roap, 
Baxtercey, Near ATHERSTONE, 


WarwicksHire CV9 2LE 


UTLX Ultra-miniature poeprone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range 


TLX 700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All con- 
versations transmitted. Powered from line. 1000m range £13.45 


STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. 

Size 22mm x 22mm. 1500m range £16.45 


TKX900 Signalling/Tracking Transmitter 

Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for sig- 
nalling or tracking purposes. High power output giving range up to 3000m. 

Size 25mm x 63mm. 9V operation £22.95 


CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tone increase as you 
approach signal. Gain control allows pinpointing of source. 

Size 45mm x 54mm. 9V operation £30.95 


CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation £50.95 


QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catalogue). 

Size 20mm x 67mm. 9V operation. 1000m range £40.95 


QLX180 Crystal Controlled Telephone Transmitter 
As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1000m range £40.95 


QSX180 Line Powered Crystal Controlled Phone Transmitter 
As per QLX180 but draws power requirements from line. No batteries required. 
Size 32mm x 37mm. Range 500m £35 


QRX 180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section sup- 
plied as pre-built and aligned module ready to connect on board so no difficulty setting 
up. Output to headphones. 60mm x 75mm. 9V operation £60.95 


A bulid-up service Is avallable on all our kits If required. 


UK customers please send cheques, POs or registered cash. 
Please add £2.00 per order for P&P. Goods despatched ASAP 
allowing for cheque clearance. Overseas customers send 
Sterling Bank Draft and add £5.00 per order for shipment. 
Credit card orders welcomed on 01827 714476. Visa 


£15.95 





OUR LATEST CATALOGUE CONTAINING V/ 
MANY MORE NEW SURVEILLANCE KITS NOW 
AVAILABLE. SEND TWO FIRST CLASS STAMPS 
OR OVERSEAS SEND TWO IRCS. 


Tel/Fax: 
01827 714476 





VISITORS STRICTLY BY APPOINTMENT ONLY. 
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: ; : Hewlett Packard 3785A — Jitter Generator + ReC@ivel.............s.000000++ st Siac vateuiesaba sas tconetananaaseniertuas £1250 
mic 8 C AVANS WAY, , Hewlett Packard 37900D ~ Signalling Test Set (No. 7 QING. ISDN) :.2.:....ceccssercccercnsereseossseqeooesaooraevoens £4250 
| Hewlett Packard P382A — Variable Attenuator .......: IRS ERE 2 a £250 
a BINLEY INDUSTRIAL Hewlett Packard 4192A —LF Impedance Analyser .....cssvcsssssssisrsssscsssccccsscsccsscssicnesoeqsesessenenuninnessscses £6500 
2 Hewlett Packard 4262A — Digita’ 1 CPU WABI oo csiccsvescaspectcdegesdcosvenéocnrsusctian’ jadcusseeecoeovobeesssbesahpteeseey donee £950 
| EST ATE : Hewlett Packard 4342A — ‘Q! Meter .........:..ccccssscssssssessnsesesssecseseecnseesessnenensnsnnensnessenasenesacaeasnanassanenses £600 
I 2 Hewlett Packard 435A or B Power Meter (with 8481A/8484A) ...........ssssecessrseseeseeeeeneesetenneeees from £400 
Hewlett Packard 436A and 437B — Power Meter and Sensor «...........scsseseeerereeeeereeseeeeeeneene from £900 
COV E NTRY CV3 2S F i vartse Sage aan - yIMg) Heingleacees Impairment M/Set ........cccececseeseeneessenenenesesenereeeees de 
wie ckar — Lan Protocol Analyser ...:.c..cscccsesessesessseenesseseseeseeeeneneenenesseneseneenensneeaenes 
“ Hewlett Packard 5183 — Waveform ReCOIdE? .............:scsepeecseesssessseseneansesnensnerseneesesseacaeaeseasasnenengunnnn® £1250 
Tel a 01 203 650702 een Sorat pares - NEW) 100 rine ar Se poi cbsaceguacth ausceaussdne csgsckesTasegvas caokh dapeeddasved Sadetee eoe0 
ewlett Packar - IZ Universal Counter ...........cccsscccccsstscscssneecessssecssenerereneeesese 
Fax: 01 203 650773 e Hewlett Packard 5316A — Universal Counter (IEEE) .......:s.s.scscsccececccsssssssssssssssssssnssssssssssnsneqneansensenshe £400 
EF | ‘ M bi 0 8 6 0 4 0 0 6 8 3 " ode are see a - ripe High Beil Sys OMe 186 reica aaiiaesecisantcte £600 
. wiett Packar — Microwave Frequency Counter z- z 6143 ein £800 
Oo i e 7 oso ee — - High Reemuton Tine Syren Be occ acdevsddasuseoitteinestitsacaasdeWyasvasbeitecoonats oe 
. : : wiett Packar = Universal Time@r/Counter .............scscscsscecscsscessssscsessseseceseesnssessesoeaeseneeres 
(Premises situated close to Eastern-by-pass in Coventry with easy,access ——_ Hewlett Packard 5384A — 225MHz Frequency COUMter winnie eer £500 
to M1, M6, M40, M42, M45 and M69) Hewlett Packard 5385A — Frequency Counter — 1GHz — (HP B) with OPTS 001/003/004/005 ....:...£750 
Hewlett Packard 6033A — Power Supply perp he oy ss SOWA) acacia td esanssatansrcesnassnsienovdensesennensnones £750 
Hewlett Packard 6253A — Power Supply 20V — 3A TWIN .........:scescsccsseseseeseesersseesnensnnenesenesssenesseseees £200 
'@ hs) Os | O11) 2 oh) Hewlett Packard 6255A — Power Supply 40V — 1°5A TWIM ........ccccecscssseseseeeenstsseeceesssasecesseseneneasenenens £200 
Beckman 9020 — 20MHz — Dual Channel ...........:sssssscssscsscsessesensessentascssssseessenscessecnenenecusecneennssnnassnssnss £150 HEWLETT PACKARD 6261B 
* Gould OS 245A/250/255/300/3000/3351/4000 .........-ssscsssssssssesssessussnessnssnscensesnecsssesnsnssnnenensenens from £125 Power Supply 20V - 50A £350 Discount for Quantities 
ae Hewlett Packard 180A/180C/181A/182C .......ssssessssrsssesenseeresesssesennsenssnsensnensnsnranseanenedesenssneeenes from £150 
Hewlett Packard 1740A, 1741A, 1744A, 100MHz Dual Channel ............csscsesseesesessestenteneeneetens from £300 Hewlett Packard 6264B — Power Supply (0-20V, 0-25A) .......e+sssesssssssssnesrentenssrsneensssseensnssesenseeeenenenas £300 
Hewlett Packard. 54100D — 1GHz Digitizing ..............c:ssssscsessesssesecssesessssnsssssncenceseeseesscaseensenceneceneenees £1250 Hewlett Packard 6266B — Power Supply 40V — 5A ........:sssssessssssneeenrensensatensesensensenesnensnssasensenensnensies £220 
Hewlett Packard 54200A — 50MHz Digitizing............sscsssessssecsssessssecsssucesneccnnsesssnscessnnesssnseeenneaseatesness £500 . Hewlett Packard 6271B — Power Supply GOV — 3A .........ssssssssessssssessssssesssnsecsssnnasennnnninennsanssenssssntstg £225 
Hewlett Packard 54201A — 300MHz igtizing css sscelsenmneaiuionrgaunt Sivndliqed adidas miatactantst £1250 Hewlett Packard 6624A — Quad Power Supply ...........csssssssssssesesseneensesnesnsnensstscsnacsnsssnsscesecnsaneneeneets £2000 
Hewlett Packard 54512B — 300MHz — 1 GS/s 4-Channel ...........csssessssssessessesecsessesseeneessssstensanenansees £2250 Hewlett Packard 6632A — Power Supply (20V — 5A) .......s:ssssessssesnestensenennsscenssensensansncensnscnsnsensensensnne# £800 
Hewlett Packard 54501A — 100MHz — 100 Ms/s 4-Channel ..........::ssssssssssessessesseestenseneeseennenneeneerees £1250 Hewlett Packard 6652A — 20V — 25A System P.S.U. .....sessessesssssserenssentesnsssesssssnssnsensceneanenanennsanieneens £750 
Hitachi V152F/V302B/V302F/V353F/V550B/V650F 0... .ceeeeeeeseerenee se EAR aa le from £105 Hewlett Packard 7475A — 6 Pen Plotter .............ccccesecscsrsseeseceeseeeenseessaeseseseensusesesensaeebeeessseeeneeaaneneees £250 
Hitach! V650F — GOMHz Dual Channel ...........scccssccpecceccssecssessesssessssssessessscssscenecssnccunecasecenseennesssnseasecs £200 Hewlett Packard 7550A — 8 Pen Plotter ...........scssssssssssseresssnssesnsnssessencanenenssansasanensensnsonsnsasecescessessenens £350 
Hitech! V1100A — 100MHz 4-Chantnel.............:sccssscscsssscsssscsssorsecsscassncsssecsessssucssssecsecssaneensansensensensons £900 Hewlett Packard 778D — Coax Dual Directional Coupler ............ssessesereresessesseereenssnetssensencanenntennnnes £600 
Intron 2020 — 20MHz Digital Storage (NEW) ........:ccsccessseereeenenenensnetetersnsesessnsesacssnsssereaneneneaeerseney £450 Hewlett Packard 8015A — 50MHz Pulse Generator ..........-+ssesecsssesereensnerensssesssenenenenegsecenenencnsanansnennenes £500 
Hartatets SEET1OSSSTO2 — ZOMPIZ ..........cesccsescsossssesossscossceeseossssedecepeccnoeorscsodagegeesonaqecnenconguceacorns from £125 Hewlett Packard 8165A — 50MHz Programmable Signal SOUICE .........ssssesesssessseseessseseenenseeneennens £1250 
Meguro — MSO 1270A — 20 MHz Digital Storage (NEW) .........-sesssssessessenssneeneensennesnsesecnssassnersnsesesenens £450 Hewlett Packard 8180A — Data Generator ............:00 véshauepustnnagisdenasesnsoiadsadenpsnsiacnivjsonsareoatentanscered £1500 
Lecroy 9304 AM — 200MHz — 100 Ms/s 4-Chaninel .........ssssssesseesssesssssessseensnsesssnesessnaccnnnnecnnuneennaesey £3000 . Hewlett Packard 8182A — Data Analyser ...........:..+s-ssssssserssenssssrsnsssacssenssessees sesssseaces seapeasaseneszanesesoeses £1500 
Lecroy 9450A — 300MH2z/400 Ms/s D.S.O. 2-Channel ........ssssssssssseessessessunnesesssnsnssssansnnsesesnsnnnnssetanes £2250 Hewlett Packard 8350B - Sweep Oscillator Mainframe (various plug-in options available) ............ £2500 
Philips PM 3055 — 5O0MHz Dual Timebase ..........-....-sssecscsssssesssserseueerseseessssicssssicsessneccessnescensnaieceanteey £450 Hewlett Packard 83554A — Wave Source Module 26:5 to 40GHz ............... seseesenveceayeccnsnscnnacennnnensnes £3500 
Philips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 3243/ Hewlett Packard 83555A — Millimeter - Wave Source Module 33-SOGHZ ..........-sssessesssessseserereteres £4250 
PM 3244/PM 3261/PM 3262/PM 3263/PM 3540 .oo....c..ceccecccseescseececcseecseseeneenenensnatenteeenes from £125 Hewlett Packard 8405A ~ Vector Voltmeter ..............++++ SA Zapata cds bevestbedavctp okbbiudwestsies Aaeeeiaaneesteesaueus £350 
Philips PM 3295A — 400MHz Dual Channel ..........ssssscsssesssessnssesssnseseessseessssnesesbosnnunscsssannnnsentee vas+--£1600 Hewlett Packard 8620C — Sweep Oscillator Mainframe ..........s-ssscsesessesssersessseneenssnneeneentenentens from £250 
Philips PM 3335 — 50MHz/20 Ms/s D.S.O. 2-Channnel ......sssssssssessessssssnseseseenssssssssnsesesseessenessnssansnseeeny £950 Hewlett Packard 8640B — Signal Generator erie + 1024MHZ) ....esssssseersssssessssasesesnassesscees from £850 
Tektronix 4B5 = 5OMHz Dual Channel ...............ccsssssccssssssessssssssssssecsssssseiconscssessnesseesecansenscnnsensasseeoes £200 Hewlett Packard 8642A — Signal Generator (0:01 to 1050MHz) a Performance Synthesiser ....£6500 
Tektronix 464/466 — 100MHz Analogue Storage ...........scsssesssesesseesessesneeessssneseeenees i saiianaesatnas from £300 Hewlett Packard ‘A — Synthesised Signal Generator (Q9OMHZ) .........-..sssssssseesseecsseessesrsneeeseessnes £850 
Tektronix. 465/465B — 100MHz Dual Channel ..........ssssssssssssecssssneeeessnneessnnnsesessaneesecssssnsssessssnnnes from £300 Hewlett Packard 8656B — Synthesised Signal Generator «............cssssssecrssssserseernnnssssssssssssssssssetssee £1450 
Tabtrete WOR = IOOMHZ D.S.0. ...cccessnsssvossasssosssnssesssesosersstenseosssonnssensonenootossscveesanssnnnsssnneconsacenssoopenaees £500 Hewlett Packard 8657A — Signal Generator (100KHZ-1040MH2Z) «.......-.cccsesecsseeesssecssses sreeseestensenes £1900 
Tektronix TAS 475 — 100MHz — 4-Channnel .............cccssscscssssccsssssssssssseeiecnsocasseessctsonndessenecongsasalpessbioes £995 Hewlett Packard 8660D — Synthesised Signal Generator (10KHZ-2600MHZ) «.....-.....-s-ssssssssessersees £3250 
Tektronix 475/475A — 200MHz/250MHz Dual Channel ..........sccccccsssesesseeereesenenenensnsnrateeeserenseets from £400 Hewlett Packard 8750A — Storage Normalliser ............ssesssssesersereesseesssesessenenessenssnanenssbensanensseeesseeees £295 
Tektrorux 485 ~ SSOMHZ — 2-Channnel .........scccccccsssssesssssscsscesscnsensssossusouvesssesenecssersssenscensenseensesenesasees £750 Hewlett Packard 8756A — Scalar Network Analyser «.........-ssssscsssessesssssnssssnessscnsetecntensennenenneensenns + -£1500 
Tektronix 2211 — Digital Storage — SOMHZ ..........cessesssssssssesssessessesteseseeseesscnneeneeestenseeseennesemmensess ....£800 Hewlett Packard 8757A — Scalar Network Analyser ..........csssssssssssessssssssssssstecrsssnunnssscereeresennnnnsnesse £2250 
Tektronix 2213 — GOMHz Dual Channel ............cccccescsessssesesssessesssestersteeecesecnseestensneseenenarerseeees ....£350 Hewlett Packard 8901A — Modulation Analyset.............csccsssssrsessersssssrssseseeseseeseerasnnsnsannennnaneenaeees .£1000 
Tektronix 2215 — GOMHz Dual Trace «..........ccccecsecssssssccessccescesseeessesecsssesensseesesncasenseneenees £375 Hewlett Packard 8901B — Modulation AnalySer ...........-.:-ssssssssssssseseesen tecsesueseeneeneasancencenseseneneenensens £2000 
Tektronix 2220 — GOMHz Dual Channel D.S.O. ......... cc cecseesssneeeeesereeeseeeeeeseeneneeneneeeees £950 Hewlett Packard 8903E — Distortion AMAIYSEP.......eseeeseeeedeeensersnsesenens db cii udeigs faccavelaystativdasasssiiactenaves £1600 
Tektronix 2221 — G0MHz Digital Storage 2-Channnel .........:cscsesessesessseseeteneseeneatensenees 2 £950 Hewlett Packard 8903B — Distortion Analyser (Mint) ......,...csssssssssssssssessnsssnetseneenensnecerensseneensnsneneecees £1500 
Tektronix 2225 — SOMHz Dual Channel ..............ccccccscssssssscsssssssssssesseeseeeeeeneeseees ... £350 Hewlett Packard 8920A — R/F Comms Test Set............. Ssgusdneeiedblayesnanipstcnivanstiscasnuasapelanedagaveieparitess £2500 
Tektronix 2235 — 100MHz Dual trace ........cscsssscssssesesesssseeessesesnenestserecsesseseeneaeeees -...£600 Hewlett Packard 8922B/G/H — Raadio Comms Test Sets (G.S.M.) .......... Merbasaveneactesanessennseees from £8000 
Tektronix 2335 — Dual Trace 100MHz (portable) ...........scssseeceecnseseeeeeseeeenes ....£600 Hewlett Packard 8958A — Cellular Radio Interface .........::.ccscsssserssngedeereeseereessesensensesnennasensnenserseses £1000 
Tektronix 2440 — 300MHz/500 Ms/s D.S.O. 2-Channel ..........ccsecreceseeeeees £2500 Keytek MZ-15/EC — Minizap 15kV Hand-Held ESD Simulator .............cccscseeecccssseeesereeeseeeseserteeeeeeess £1750 
Tektronix 2445 — 150MHz — 4-Channel + DMM ...........ccceesesssessenseeeeseees ....£900 Krohn-Hite 2200 — Lin/Log Sweep Generator ..........scsecssersserseesnsssnesnesseegsessnsrsscnaneanenenscnnscenansnrenssessess £995 
Tektronix 2445A — 100MHz — 4-Channnel ............ccccccseseseeseeeeeeseeeeeseaseseees _...£900 Kroh-Hite 4024A — Oscillator ...... scsanagesnveessnscesnscessnensanensuucssssecaneccgusceusencassgnacaconeqzaneconanscqansnsensssenssgt4 £250 
Tektronix 2476B — 400MHz — 4-Channel ............ccsccscesssecseesseneeeseneeeses £6500 Krohn-Hite 5200 — Sweep, Function Generator ......0....sscseseseeseseseessseesssensssesarsenanesenanseesesesnsnanaeneeens £350 
Tektronix 5403 — GOMHz — 2 or 4-Channnel .............:cccecsseseseeeeeeeeeee rom £150 Krohn-Hite 6500 — Phase Meter ............:sscssssssssssssnessntessneennnsecsnnessnscensvensnescsanscnansnnnnnennnasenannenssssengness £250 
Tektronix 7313, 7603, 7623, 7633 — 100MHz 4-Channe ......... from £225 Leader LDM-170 — Distortion Meter ...........-...sssesrereseseresssies sessnseosee cossseenepeesaeeneevensteaesassneneeeneesaney £350 
Tektronix 7704 — 250MHz 4-Channel ..........:ccsscseseseseseseseeees ..from £350 Leader 3216 — Signal Generator (100kHz-140kHz) AM/FM/CW with built-in FM stereo 
Tbctronix 7Q06 — SOOMIAZ ississecccnesscceccccssccsssscssecsscssoccescssncosssocnserqencoesstasssesivocrscsensesonanqgegieenede eg from £400 MOdUIatOr (MINT)... erereeeeceeeeeerseaseterecsseeses ssapeeavensesnacnsensecsussanecenssssnenscanecnscqnscnuneanncnsrcancnnasegssesssts £995 
Trin CS-1022 — ZOMHz — Dulal Channnel...........ccccoscscsssscsscossnrsessersssesbenecesosonsensensnssssessensesuavensesacsecsesneane £125 Marconi 1066B — Demultiplexer and Frame Alignment Monitor (M@W) .........+sssssscssesssensssnssrneenerees £POA 
Other scopes available too Marconi 2019 — 80kHz-1040MHz Synthesised ~ GCOMOLGION acisiscssccssscesssscosacdsseneeccoseasvsestecestersas £750 
Marconi 2019A — 80kHz-1040MHz Synthesised Signal Generator ..........eeccseseceeereeretsenetseenteceners £1000 
SPECIAL OFFER Marconi 2111 — UHF Synthesiser (M@W) .........-.:sccscssesssnsessssessesssraneesersnenesenenssaqensnsacnsasnannanacsnaceneennets £POA 
HITACHI V212 — 20MHz DUAL TRACE Marconi 2185 — 1:-5GHz os bloga Attenuator (MW) .........csccscsscseeeseesseetesseeesnenenssnesanaeeeneerees £POA 
HITACHI V222 —- 20MHz DUAL TRACE + ALTERNATE MAGNIFY : Marconi 2305 — Modulation Meter ..........s-.ssssssssssessessesseeseensanenneansenesesnscansnssnnestoanseneenes hicbeca thease tiactae £1750 
Marconi 2337A — Automatic Distortion Meter ...........::ccsccsssecsensesseeeeenesssseneseeasecssensasseasnnessnasaussaeeenee £150 
Marconi 2610 — True RMS Voltmeter ...2.......:cccccescesrseseeeseeseeeensesesenesensscnscneeessecesnnnennaesuesersenaaennetense £700 
Marconi 2871 — Data Comms AnallySe?r .........c:ssccsssessetacenseesereseasensensnssneeaseenasneeatensensnecnaseeses ..£500 
anda ane - Sone ro Test sasventatease bie Weis Wesoeesl séacuastvpegsanaceraaiaeeie> ee 
arcon — Sweep Generator — Programmable — new (2- BT csedesusaassancecsedipansen gesmuiaetabecees 
Ando AC8211 — Spectrum Analyser 1°7GHZ .........ssssssssssseerssnsretissnesnecsneanccsssanennecanerancnncnnennsennsenneegss £1995 Marconi 6950/6960 — Power Meter & S@NMSOF ...........s:sscsesesessesesessnseseneenenesneneneenenees from £500 
Anritsu MS62B — 10KHZ-1700MHZ .............ccccsecceeesseenscedececceeeecensneeesessaaeeeseneesesanesssesaseseeescasasseseaeans £1995 Marconi 6960 — Power Meter & S@NSOF ..........ccessssseseseseseeeeteeseeneerseseseeeetacersens from £950 
Anritsu MS3401A + MS3401B — (10HZ-3OMHZ) ........-.--ssssesssesseesessssseesessnssssensennsennsnnsnenents £3500 + £3995 Marconi 893 — A/F Power Meter .........ccscccssssssessssceccsssssecsessecsssssssssssessessscsucesseanequcenssnssenesancescsnneaneenecees £250 
Anritsu MS610B — 10KHz-2GHZ — (Mint) ............cccescceseseereeeneneesnetensteneeesessenssnsssesareasenensestanenensensenss £4500 Philips PM5167 MHz Function Generator ...........sscssssssesssnseesssssnesnessnecsnssnaseeen ..£400 
Anritsu MS710F — 100kKHz-23GHz Spectrum Analyse ...........:ccsecceeeesenecersctsseteeneeseeeseesaetneeseereneaens £5500 Philips 5190 — L.F. Synthesiser (G.P.I.B.) .....--.ssscsssssecsssssersnesssneeesssnsensneeeeey £800 
Avcom PSA65S = 1000MHZ — portable .............scsesceesssesseretees Lavesest sessssedeeeuenscesenseenessessssvaneseaeeserens £850 Philips 5518 — Synthesised Function Generator .............:sssssssvectesseesssessnnes £1500 
Hameg 8028/8038 — Spectrum Analyser/T pega Sen + 100MHZ OscilloSCOpe...........eeseeeeteerteenes £1000 Philips PM5519 — TV Pattern Generator ...........-ssssssssecseseseess pt gen. £350 
Hewlett Packard 182R with 8559A (10MHZ-21 GHZ) .0.........ccceescessteeeeneeeteeesenentaeseesesneeteneseneeteenenes £2750 Philips PM5716 — 50MHz Pulse Generator ..........-ss-ecssssessssesessseeerees _.£525 
Hewlett Packard 182T + 8558B — 0-1 to 1500MHZ .2..0....... ccceeseeceeteeeeerereeeeteeeseneestenseereesenersnereeeenes £1250 Prema 4000 — 6% Digit Multimeter (NEW) ...........ssessecsesseesseseeseentes £350 
Hewlett Packard 853A + 8558B — 0-1 to 1500MHZ ...........ccecccessseeeeneeeteeeteneeeenatenseresaseseereseeneneeneeeatey £2250 Quartzlock 2A — Off-Air Frequency Standard ............:cccecssee £200 
Hewlett Packard 3562A Dual Channel Dynamic Sig. AnalySer .......2.....:cesesestectesseetteestenteeneeeenneetnene £5750 Racal 1992 — 1-3GHz Frequency Counter ...........s:ssssesssessecsseesssessnestneesnsesnsessbessscesnecsancsaneenusenceneeies £700 
Hewlett Packard 3580A — 5HZ-50KHZ ...............cccceseessceeenseeseeeeeeeeesensaneeeeeesenseones wecseneentnsensengensanebeaaese £800 Racal 6111/6151 — GSM Radio Comms Test Set ..........-::cssssesssesessesoesseessesessceseaneesssneenssnsansenesanansicss £POA 
Hewlett Packard 3582A — 0-02Hz-25-6kKHz (Dual Channel) .........ccsccceeceeeeeeteteeteneeeneeseesnenneeniatcensbene £2000 Racal Dana 9081/9082 — Synthesised Signal Generator 52OMHZ..........seesssesssecssssseeeaneeseenenees from £400 
Hewlett Packard 3585A — 20HZ-40MHZ ........:c.ccccccesssecenesteneesesesescnnereseassensesatsaseeseceuensensaerenanerenasers £4000 Racal Dana 9084 — Synthesised Signal Generator SARIN 8 hE AE a actus amiaeansp £450 
Hewlett Packard 8569B — (0-01 to DOGHZ) |..5.nciccncnncoovecesiectapeseestosvognoyacsosephaeceossbacyddneceuasesgavangencezesse £4250 Racal 9301A — True RMS R/F Multivoltmeter..........c.ccccsccsesceseccsessessessesssesseesecesceneenneanecarsnnssneesesssessens £300 
Hewlett Packard 85046A —‘S’ Parameter Test Set .........-..:eccsseseeeceeeeeesneeseeeetnenenenenanenstannatnertaeeceees £2500 Racal Dana 9302A — R/F Multivoltmeter (new Version) ...........sssesssecsessecsessnersessesenersessneesnsenentennenerenees $375 
Hewlett Packard 8753A — Network AnalySef ...........cccececceeeeeseneeertteendecceesteeneensenerstennesereaeeess from £3000 Racal Dana 9303 — R/F Level Meter & Head ........:.c.s..sscececscsessngeesecssesseessenssnentenssenaeeneans eis £650 
Hewlett Packard 8753B — Network Analyser ...........:ccsccereesereereeeeecnesnqenerenenptenenantees depieerraanacs from £4500 ~~ Racal Dana 9917 — UHF Frequency Meter 5GOMHZ ..............-.cssssessereessseseseesersnensteeneneseneenenseenaeseaseeens £175 
BERR 7750. 1 KHZ TG Z oioi.n cS iisck ecce iiweeecacgisvsdtontndesessesdvacvenesncdsnannyagpent dongandedpaeae shepuevenedeyt ¢+.+2s£2000 Rohde & Schwarz LFM2— 60MHz Group Delay Sweep Generator ............scscserecsseeseereenenenens eee £950 
Meguro MSA 4901 —1-300GHz (AS NEW) ...:...:-sscssovssosssetinrecnsyensnneanntestnasapantaes Shiba Dy ltcapcentean aneottt £750 Rohde & Schwarz CMTA 94 — GSM Radio Comms Analyser............ TET SS ET aR ot NE $6995 
a tag MSA 4912 — 1-1GHz (AS NEW) .......c cece: SERV dabecsraen ded aeabsaysbeovgiraises ebabe ty sGinbtdenduagbetdics £1000 Schaffner NSG 203A — Line Voltage Variation Simulator ........... gi Thkide ee eee £750 
Rohde & Schwarz — SWOB 5 Polyskop O° 1 4 FOOMPAE scsi eli Rb gaa cebeis dcadepbaiens tse sodevesgnnacs sive aed £1500 Schaffner NSG 222A — Interference Simulator .:....:cccccc.ccccescccccsssssseseescnesenesetsseseresessdecsentceserssseeeeees £700 
Takeda Riken 4132 - 1-0GHz Spectrum PMANVSOF soisii evils savevbecaseveiseaberecceckeneessantsedauecosevaonepbacedeenstien £2100. Schaffner NSG 223 — Interference Generator ............csecessssssesessecseeseeseesnenesnesanenesansasesnsassnsesenscsnetes £700 
Tektronix 7L18 with mainframe (1-5-60Ghz with external MIXEFS) 20... ccc eee necteeteeeeseteneeneneneeaeaee £2000 Schlumberger 2720 — 1250MHz Frequency Counter ........sssccsssssesssssserersssneseessiessessnnnaseennunssenensestiy £400 
Tektronix 495P — 100HzZ-1-8GHZ prograMmMable ........0c.ceeccnedeeneteeneengeretecteeererenereeseneenbensenereseneees £4500 Schlumberger 4031 ~ 1GHz Radio Comms Test Set .........scssssscessssessesssesssssseeessssnyeseesonnessennanascnsnes £4995 
Tektronix 496P — 1kHz-1:8GHz Spectrum AnalySe ..........cscseesessesserssersnensssateteeersnnenatnecssnssseessaness £4250 Schlumberger Stabilock 4040 — Radio Comms Test Set ........:sssssssessssseesssssssessensnnssenssnneetensnnessane £1995 
Schlumberger 7060/7065/7075 — Multimeters ...+.....-..s-esesesssssssnsseanensseseensenensseasaranencarionecaseneees from £350 


Stanford Research DS 340 — 15MHz Synthesised Function (NEW) and Arbitrary 


Waveform Generator, ........ccccccccccecescscessesesssssasessssdanecesseesseesssieeeeenecsaneessessnsngscenessenseenessaenasenennensee £1200 
Systron Donner 6030 — Microwave Frequency Counter (2O*SGHZ) ..4:...csecesscicscssesorsnesersgeosersscedeeores £1995 
Tektronix AM503+TM501 + P6302 — Current Probe Amplifier £995 
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Adret 740A — 100kHz-1120MHz Synthesised Signal Generator ............cscecceseesettereeeeeterseeenenerseerrens £800 - i i ebdshicdiveatossdopwiens 
Anritsu MG 3601A Signal Generator 0°1-1040MHZ wceceseanscccocsen Bot ARIE nd = ae th ger darn miesretee aainume ae Races Ora £1150 
Anritsu ME 462B DF/3 Transmission Analyser ...........-s--sssseceerereers .-- £2500 Tektronix 1240 — Logic Analyser ........... ST AONE RES HEE CIS REE ree Ciera in res Men rier £500 
Anritsu MG 645B Signal Generator 0-05-1050MHZ ........s..-sssseecseessseecsseesssesssnscensnesenennsenangensnniensntets £750 Tektronix 141A — PAL Test Signal Generator .........:.cssssssesssnesessesenseesssneessuressnecssnecesnnecssnsnennnecenasensnen, £250 
Boonton 92C R/F Millivoltmeterr ..........:..:cceseecseseesereenessessnseeseeeneesetees £195 Tektronix AA5001.& TM5006 M/F — Programmable Distortion Analyser .............:ssesssseseeeeseersnreees £1995 
Boonton 93A True RMS Voltmeter ...........-s-scseeesseegreseesnesssesiees £195 Tektronix TM5003 + AFG 5101 — Arbitrary Function Generator ..........ccseessecssessessseensenntenneennteneneetes ‘£1500 
Dranetz 626 — AC/DC — Multifunction Analyser .............::eseeeeee ..£500 Tektronix — Plug-ins — many available such as SC504, SW503, $G502, 
EIP 331 — Frequency Counter 18GHZ ..........--.sssesessesestecrsssessenssensenssnsnennenensansonsescsnenssecensenesscssannennteas £450 PG508, FG504, FG503, TG501, TR503 + many More ...........+0 Ligh vaciend toe niaaiadutl ay £POA 
EIP 545 — Frequency Counter 18GHZ ............cccesssesesesestessssssseenenenesenshensenenenennensnsanescecansnebeasanseceseess £1250 Time 9811 — Programmable Resistance ............ Scape La heat dience oeL aA adscussnsus sick oaanvboeseediea Tibeanens aos £400 
EIP 575 — Frequency Counter 18GHZ ...............: susteguatetensuscecsnsccesnscersnsscsssvsssesnescessuuneceennanscanannaseastntes £1450 Time 9814 — Voltage Calibrator .......cssssssssssssessssssessesssssessctansnssessecsnnnnscenssnsneseesesssnareceseennsnecensusesenseety £550 
Eltek SMPS — Power Supply GOV-SOV .....:..s sce ecsesesesereecsssaptiensesensarenenencsnsnennsntananeensassenesnennessennegetny £350 Valhalla Scientific — 2724 Programmable Resistance Standard .............. : thdaiteotas beaneasditeacsid £POA 
Farnell TSV-70 MKII Power Supply (70V — 5A OF 35V — 10A) ......-ssesceseesnseesnestonessnvessssenssentsnernnsennnics £200 Wandel & Goltermann PFJ-8 — Error/Jitter Test Set ..........cccsccesecseseeseneens BE Sy chal ot oatmeal £11500 
Farnell DSG-1 Synthesised Signal Generator .............-s.csscssnessueensenternesnrennsssnsseneranecnnsennenanantnnsennessegs £125 Wandel & Goltermann PCM4 (+ Options) ..........:ssccccsessssessessseessecenseduccsssesnssnnesnecunecsnensnecnnsnentaenets £9950 
Farnell AP 30250A Power Supply 3V — 250A ...........:sssesssssesserssesnentsnsensnsensentansesiinessossnsencennnnanananiny £1750 Wandel & Goltermann MU30 — Test Point SCaNMer ........cscsscseesedeesesscceeseeseseteeenententensenenees ehatiekcest £1500 
Feedback PFG 605 Power Function Gemerator ...........s.ssssssssssnnssrnesssesssnsssnsnsnnssennectsnesenensenncnnncantestig. £150 Wayne Kerr 4225 — LCR Bridge Ei) as hclgsGalecigennesin posted doe ia jcadosiigevttcsdoucosatoxudbonmoagestoviheseatsbicdedira)-0=<e eae 
Fluke 5100A — Calibrator ........-.sccccsssssscsssssssessesssessaiecsnescnsecsneennsessnncqnecennsoansngbassensesoayensanenannensnnnseeeets £1950 Wavetek 171 — Synthesised Function Generator ............:ssccssessnecsieessnsesnnessenessnersnennnecnsneteneeennenennenenns £250 
GN ELMI EPR31 PCM Signalling RECOrder ...........-..s:sssssseeresensersnnensensnnenennsnnnasenseessucsssecastassneentsees £2000 Wavetek 172B — Programmable Signal Source (0-0001H2-13MHZ) ........-sssssssssssssssseessstecsnneenennentes £POA 
Guildline 9152 — T12 Battery Standard Celll .............ssesssseesesneneesensentenngeansensesnssarensentensescnssasqncnnnenetnens £550 Wavetek 184 — Sweep Generator — 5MHZ ............:sscscssseceessesesnteessessesuenpentarenrensens EE ee £250 
Hewlett Packard 1630D — Logic Analyser (43 Channels) .........-..csruccnssssrrsserssisensescensssennesnnnesseess £500 Wavetek 3010 — 1-1GHz Signal Generator ..........ssssssscssecsussssesssvecssecsnssssnecsnecssndennesssnscsnessssesnnecennereey £1250 
Hewlett Packard 16500A/B and C - Fitted with 16510A/1651A/161530A/16531A Wiltron 6409 — RF Analysers (1 $B Rz RAY 5 ssasiaicinencecpinasaseicCgivancodsusvedvsnsiveditersvesnbonsentendbzecaasecieeters £POA 
— LOGIC AMAlYSEP.........sssssceererenessersesesenensensntenes from £2000 Wiltron 6620S — Programmable Sweep Generator (3-GGHZ-6-SGHZ) ..........:.sse-sssessseeeseeseneennneennensens £650 
vied ete Avermedy 4 : - able Pe dete : 00 — eg oo - awerk Fre uency, Synthesiser (1OMHZ-2O0GHZ) ..........s-sssecseesssresessesessessnsenenetens —_ 
i seek — AN ini TOOL ....ccccepccocceccnccccvscccscccncccsnsacsccncccecceccccessthessecesocevscecscesepaactousces 
Hewlett Packard 334A — Distortion Analyser .............. oar. ‘ a hie nd : 





MANY MORE ITEMS AVAILABLE — 
SEND LARGE SAE FOR LIST OF EQUIPMENT 
ALL EQUIPMENT IS USED — 

WITH 30 DAYS GUARANTEE. 


PLEASE CHECK FOR AVAILABILITY BEFORE ORDERING — 
(oy -1-1)-\e] <r an gn Os =] = VB) B) =] Bm RO W-\ om C1010) BY) 
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reer nacnee: only previously available on the most expensive E iEEREER 
“benchtop' scopes. By intergrating several instruments into aro 

one unit, the ADC-200 is both flexible and cost effective. 
ely 


Connection to a PC gives the ADC-200 the edge over traditional kK ‘| Waal | ll 


oscilloscopes: the ability to print and save waveforms is just one example. 
Units are supplied with PicoScope for Windows which is powerful, yet & 
simple to use, with comprehensive on line help. 









ee regs 
14: S20 in 27Mai 41996 

























Video | A fraction of the cost of comparable benchtop 
Automotive oscilloscopes 


Electronics design Up to 100 MS/s sampling 
Production line tests Advanced tigger modes- capture 
Fault finding one off events. 
Education Up to 50 MHz spectrum analyser 
Large buffer memory 
All units are supplied with ADC-200/7100 £499 


software, cables and power 


supply. Prices exclude VAT. 2##DE-200/50 F399 


24#DE-200/20 £299 





Once oscilloscopes were heavy and clumsy to handle, but over the years they have become smaller 
and smaller. The latest development in this field has just arrived: a digital storage oscilloscope ina 
handy slim housing, scarcely longer than a pencil and about as thick as your thumb. Despite its small 
size, its performance can match that of a service oscilloscope. 








om 
0.37037 MHz 


ovr 
3.8V 










Evel eliterittelats 1 Samoa ratee fs 
Vv On-the-spot measurements : oa. ee 
V Hobby electronics 
vV Measurements in amplifiers 
Vv Production line tests 






Fax: +44 (0)1954 211880 Tel: +44 (0)1954 211716 
E-mail: post@picotech.co.uk Web: www.picotech.com 















-| Ideal for Models, Robots, 





ELEC TRONIC-S 
MAIL ORDER ONLY e CALLERS BY APPOINTMENT 


)) Bee MICROCONTROLLER? 


PI. TREASURE HUNTER! 

The latest MAGENTA DESIGN -— highly 

I stable & sensitive - with I.C. control 
I of all timing functions and advanced * 













I pulse separation techniques. i 
le High stability i 
I drift cancelling } 
@ Easy to build i 
& use i 
e@ No ground l 
effect, works i 
in seawater 5 
’ @ Detects gold, 
f silver, ferrous & J 
"gs non-ferrous 

metals 

e Efficient quartz controlled - 
microcontroller pulse generation. j 
e@ Full kit with headphones & all i 
hardware i 
KIT. 847.. wi £63.94 


PORTABLE ULTRASONIC 
PEsT SCARER 


A powerful 23kHz ultrasound generator in 
a compact hand-held case. MOSFET output 
drives a special sealed transducer with in- 
tense pulses via a special tuned transformer. 
Sweeping frequency output is designed to 
give maximum output without any special 
setting up. 


PF Oe nccinscuuptevcaostsieceas £22.56 
MK. Il ACOUSTIC PROBE 
e NEW DESIGN 


@ HIGH SENSITIVITY & POWER 


Picks up vibrations amplifies, and drives — 


headphones. Sounds from engines, watches, 

pipes and speech through walls can be heard 

clearly. Useful for mechanics, instrument 

a and nosey parkers! Very effective 
evice 


RTT IG. ove cxcccesstadcaveecs £29.95 
DC Motor/Gearboxes 


Our Popular and Versatile DC 
motor/Gearbox sets. 









Buggies etc. 1:5 to 4-5V 
Multi ratio gearbox 

gives wide range of speeds. 
LARGE TYPE — MGL £6.95 
SMALL — MGS — £4.77 










Stepping Motors 


MD38...Mini 48 step...£8.65 
MD35...Std 48 step...£9.99 
MD200...200 step...£12.99 
MD24...Large 200 step...£22. 95 





MOSFET Mkil VARIABLE BENCH 
POWER SUPPLY 0-25V 2:-5A. 


Based on our Mk1 design 
and preserving all the 
features, but now with. 
switching pre-regulator for 7 
much higher efficiency. Panel 
meters indicate Volts and | 
Amps. Fully variable down to | 
zero. Toroidal mains trans- § 
former. Kit includes punched 
and printed case and all 
parts. As featured in April 
1994 EPE. An essential piece 
of equipment. 


784 





'SCARER 


‘from 9 to 24 volts. 





- Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 
E-mail: sales@magenta2000.co.uk 


L.1 .D 


PIC PIPE DESCALER 


@ SIMPLE TO BUILD @ SWEPT 
@ HIGH POWER OUTPUT FREQUENCY 
e AUDIO & VISUAL MONITORING 


An affordable circuit which sweeps 
the incoming water supply with 
variable frequency electromagnetic 
signals. May reduce scale formation, 
dissolve existing scale and improve . 
lathering ability by altering the way 
salts in the water behave. 
Kit includes case, PC.B, coupling 
coil and all components. : 
High coil current ensures maximum 
effect. L.E.D. monitor 


) KIT 868 ........£22.95 POWER UNIT.........£3.99 
1 MICRO PEsT 





Our latest design — — The ultimate 
scarer for the garden. Uses 

special microchip to give random 
delay and pulse time. Easy to 

build reliable circuit. Keeps pets/ 
pests away from newly sown areas, 
play areas, etc. Uses power source 


@ RANDOM PULSES 
e HIGH POWER 


e DUAL OPTION Plug-in power supply £4.99 


BGT ipso SAG cadet een sc ea bens cde eds £19.99 
KIT+SLAVE UNIT.........0s:000500- £32.50 
WINDICATOR 


A novel wind speed indicator with LED readout. Kit comes. 
complete with sensor cups, and weatherproof sensing 
head. Mains power unit £5.99 extra. ’ 








KOT OBG. cr aes cteriads team ater £28.00 
* TENS UNIT x 
DUAL OUTPUT TENS UNIT Seto 






4 spare 
electrodes 
£6.50 


As featured in March ‘97 issue. 


Magenta have prepared a FULL KIT for this 
excellent new project. All components, PCB, 
hardware and electrodes are included. 
Designed for simple assembly and testing and 
providing high level dual output drive. 


KIT 866.... Full kit including four electrodes £32.90 


1000V & 500V INSULATION 
TESTER 


Superb new design.. Regulated 
output, efficient circuit. Dual- 
scale meter, compact case. 
Reads up to 200 Megohms. 

Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components. 


iT BAG... ...5202cicc%04- £32.95 


EPE 
P ROJ ECT vegetable and 
pp Cc S enicree? play 











newly sown 


Programmed PICs for | which deter visiting animals. 
all" EPE Projects | KITINCLUDES ALL 
16C84/16F84/16C71 COMPONENTS, PCB & CASE 
Al £5.90 each | @ EFFICIENT 100V 
PIC16F877 now in stock 
£10 inc. vat & postage TO HUMANS 
(*some projects are KIT 812 
conten) 812... 


EE207 135 Hunter Street, hurton-onefrent. Staffs. DE14 2ST 


All Prices include V.A.T. Add £3.00 per order p&p. £6. 99 n next day 





ULTRASONIC PEsT SCARER 


Keep pets/pests away from 


This. project produces 
intense pulses of ultrasound 





EUROCARD 








TEACH-IN 
2000 


Full set of top quality NEW 
components for this educational 
series. All parts as specified by 
EPE. Kit includes breadboard, 
wire, croc clips, pins and all 
components for experiments, as 


listed in Introduction to Part 1. 
*Batteries and tools not included. 


TEACH-IN 2000 — 
KIT 879 £44.95 


MULTIMETER £14.45 





! SPACEWRITER >, Wa 


An innovative and exciting 
project. Wave the wand through =N | 
the air and your message appears. j 
Programmable to hold any message hs) 

gue to 16 digits. long. Comes pre-loaded . 
with “MERRY XMAS”. Kit includes 

§ PCB, all components & tube plus 


; 1 instructions for message loading. ho ’ x. 
ASE epee ee 


T2V EPROM ERASER 


A safe low cost eraser for up to 4 EPROMS at a time 
in less than 20 minutes. Operates from a 12V supply 
(400mA). Used extensively for mobile work — up- 
dating equipment in the field etc. Also in educa- 
tional situations where mains supplies are not al- 
lowed. Safety interlock prevents contact with UV. 


UE | een Cece £29.90 


SUPER BAT 
DETECTOR 


1 WATT O/P. BUILT IN 
SPEAKER, COMPACT CASE 
20kHz-140kHz 
NEW DESIGN WITH 40kHz MIC. 


A new circuit using a ‘full bridge’ audio 
amplifier i.c., internal ‘We, j 
speaker, and head- Va 
phone/tape socket. The 
latest sensitive transducer, ~ 
and ‘double balanced mixer’ jj 
give a stable, high peformance 
superheterodyne design. 


RET OB vscscssnewseasccnes oo £24.99 
ALSO AVAILABLE Built & Tested ....£39.99 


y aa 














areas, fruit, 
flower beds, 
areas, patios 


“ZOU Dre 


PEsT 
| SCARER ¢ 





TRANSDUCER OUTPUT @ UP TO 4 METRES 
@ COMPLETELY INAUDIBLE RANGE 


@ LOW CURRENT DRAIN 
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INCREDIBLE LOW PRICE! Kit 857 £12.99 


INCLUDES 1-PIC16F84 CHIP 
SOFTWARE DISK, LEAD 
CONNECTOR, PROFESSIONAL 
PC BOARD & INSTRUCTIONS 


Power Supply £3.99 


EXTRA CHIPS: 
PIC 16F84 £4.84 


Based on February ‘96 EPE. Magenta designed PCB and kit. 
PCB with ‘Reset’ switch, Program switch, 5V regulator and 
test L.E.D.s, and connection points for access to all A and B 
port pins. 


INCLUDES 1-PIC16F84 

WITH DEMO PROGRAM 

SOFTWARE DISK, PCB, 

INSTRUCTIONS AND 

16-CHARACTER 2-LINE 
LCD DISPLAY 


Another super PIC project from Magenta. Supplied with PCB, 
industry standard 2-LINE x 16-character display, data, all 
components, and software to include in your own programs. 
Ideal develpment base for meters, terminals, calculators, 
counters, timers — Just waiting for your application! 


Kit 860 £19.99 


FULL PROGRAM SOURCE 
CODE SUPPLIED —- DEVELOP 


WITH PROGRAMMED 16F84 AND DISK WITH 
SOURCE CODE IN MPASM 
ZERO VOLT SWITCHING 
MULTIPLE CHASE PATTERNS 
OPTO ISOLATED 

5 AMP OUTPUTS 

12 KEYPAD CONTROL 
SPEED/DIMMING POT. 

@ HARD FIRED TRIACS 


Kit 855 £39.95 cots orotnen APPLICATIONS 
PIC TOOLKIT V1: 


@ PROGRAMS PIC16C84 and 16F84 e ACCEPTS TASM AND MPASM CODE 
Full kit includes PIC16F84 chip, top quality p.c.b. printed with component 
layout, turned pin PIC socket, all components and software* 

*Needs QBASIC or QUICKBASIC 


KIT 871... £13.99. Built and tested £21.99 


ALL PARTS FOR SERIES INCLUDING PCBs, 
PROGRAMMED CHIP, CD-ROM AND DISPLAYS 


MAIN BOARD - FULL KIT£131.95 BUILT £149.95 
/O PORT KIT £16.99 BUILT 

Os tices £12.49 POWER SUPPLY ..£3.99 
8-BIT SWITCH/LATCH £7.95 INT. MODULE .£10.45 


DEVELOPMENT AND 
TRAINING KIT. ; 


@ NEW PCB DESIGN 

@ 8 MHz 68000 16-BIT BUS 

@ MANUAL AND SOFTWARE 
@ 2 SERIAL PORTS 

e@ PIT AND I/O PORT OPTIONS 
e@ |2C PORT OPTIONS 


Now features full 4-channel 
chaser software on DISK 
and pre-programmed 
PIC16F84 chip. Easily 
re-programmed for your 
own applications. Software 
source code is fully 
‘commented’ so that it can 
be followed easily. 





e ON BOARD 

5V REGULATOR 

@ PSU £6.99 

@ SERIAL LEAD £3.99 


Mini-Lab & Micro Lab 
Electronics Teach In 7 7 | 


As featured in EPE and now 
published as Teach-In 7. All 
parts 

are supplied by Magenta. 
Teach-In 7 is £3.95 from us or 
EPE 

Full Mini Lab Kit —- £119.95 — 
Power supply extra — £22.55 
Full Micro Lab Kit — £155.95 
Built Micro Lab — £189.95 





Power Supply £3.99 


YOUR OWN APPLICATION! 





At Last! AR P |. Hands-On Seri 
@ Learn Programming from scratch using PIC16F84 


@ Start by lighting |.e.d.s and do 30 tutorials to Sound 
Generation, Data Display, and a Security System 
@ PIC TUTOR Board with Switches, l.e.d.s, and on board 


PIC TUTOR BOARD KIT 


Includes: PIC16F84 Chip, TOP Quality PCB printed with 
Component Layout and all components* (*not ZIF 
Socket or Displays). Included with the Magenta Kit is a 
disk with Test and Demonstration routines. 

£42.95 


KIT 870 £27.95, Built & Tested 


Optional: Power Supply — £3.99, ZIF Socket — £9.99 
LCD Display 


£7.99 LED Display 


e SUPER UPGRADE FROM V1 e 18, 28 AND 40-PIN CHIPS 

@ READ, WRITE, ASSEMBLE & DISASSEMBLE PICS 

@ SIMPLE POWER SUPPLY OPTIONS 5-20V 

@ ALL SWITCHING UNDER SOFTWARE CONTROL 

@ MAGENTA DESIGNED PCB HAS TERMINAL PINS AND OSCILLATOR 
CONNECTIONS FOR ALL CHIPS 

e INCLUDES SOFTWARE AND PIC CHIP 


KIT 878 . . . £22.99 with 16F84. . . £29.99 with 16F877 


READS, PROGRAMS, AND VERIFIES 
WINDOWS® SOFTWARE 

PIC16C6X, 7X, AND 8X 

USES ANY PC PARALLEL PORT 

USES STANDARD MICROCHIP @ HEX FILES 
OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 
PCB, LEAD, ALL COMPONENTS, TURNED PIN 
SOCKETS FOR 18, 28, AND 40 PIN ICs. 


@ SEND FOR DETAILED Kit 862 £29.99 


INFORMATION -A 
SUPERB PRODUCT AT AN 
UNBEATABLE LOW PRICE. 


Power Supply £3.99 


DISASSEMBLER 
SOFTWARE 


£11.75 


Kit 863 £18.99 


STR ORTON 
ALSO U 
AND MOTOR. POWER DEVICES e.g. SOLENOIDS. 


Another NEW Magenta PIC project. Drives any 4-phase unipolar motor — up 
to 24V and 1A. Kit includes all components and 48 step motor. Chip is 
pre-programmed with demo software, then write your own, and re-program 
the same chip! Circuit accepts inputs from switches etc and drives motor in 
response. Also runs standard demo sequence from memory. 


INCLUDES: PCB, 
PIC16F84 WITH 
DEMO PROGRAM, 
SOFTWARE DISK, 


As featured in Aug./Sept. '99 EPE. Full kit with Magenta 

redesigned PCB - LCD fits directly on board. Use as Data 

Logger or as a test bed for many other 16F877 projects. Kit 

includes programmed chip, 8 EEPROMs, PCB, case and all components. 


KIT 877 £49.95 inc. 8 x 256K EEPROMS 





All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99 


Tel: 01283 565435 = Fax: 01283: 546932 E-mail: sales@magenta2000.co.uk 
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seuvbareed ACCESSORIES 





Solder Bucket 
9 Way Soa Plu 


4 


SS5555554 
go000002 
Looe nek ao 


49 
Ne remold ae 3 35 


25° 
2 


Qo 


mir os 
ARnWWww §& 


= 


eras Pl 


2 22 2'8 


0.1” Pin Header Stri 

] * 36 Way Straight £0.3 

Way Straight £0.56 
90°. ay 54 





9 Way Male Plu 


y? 0 
ano in 2,3,4,5 & 10 
. Also female PCB 
ckets & jumper links. 
30° Way ang Strip £0.48 


Sockets 
T018-4 weal Socket £0.24 
T05 Base Socket 0.24 


IDC Cable Sockets 


5 
25 Way Male Plu : 
Way —c ocket £0.51 


9 Way Cover - Gre 
9 on Cover - Blac 
15 Way Cover - Grey 
23 Way Cover - Gre 
23 Way Cover - Blac 
22 or Cover - 


25 to 25 apehily / Case 
9 to 25 Cover / Case 


Audio Connectors 





2.5mm Jack Plu 
2. yah Line Socket 





3.5mm Mono Line Skt 
3.5mm Mono Chassis 
3.5mm Stereo Plug 

3.5mm Stereo Line Skt £ 
3. 5mm Stereo Chassis £ 


Me Mono Line Socket 


jn Stereo Line Socket 
¥%,” Stereo Chassis Skt 


40 
= way Sroigh meutRik Speakon Plug £ 





Yellow i Plug 
moles. Line Plug 


spall Line Socket 
Yellow Line Socket 


0.2 
d Plated Blog Red £0.66 
Gold ie Cees Plug Black£0.66 





Transistion Noaders 
10 Way Transistion £0.49 
4 Way Transistion £0.47 
16 Way Transistion 
Way Transistion £0.54 
26 Way Transistion £0.62 


3 Pin Line Socket 
3 Pin Chassis Plu 





Neutrik Line Plu 
Neutrik Chassis Plu 
Neutrik Chassi 








40 Way Transistion - 
50 Way Transistion 





RF Connectors. 


BNC Flug 50Q Solder 
BNC Plug 50Q Crimp 


BNC Plug 75Q Solder £0.95. 7m 


BNC Plug 75Q Crim mp “£0.68 
B e 


C Chassis Sock £0.81 Black £0.23 

F Five - Twist £0.24 Red PTM £0.23 
F Pl ud: Crim £0.26 Yellow PTM £0.23 
TNC Plug 500 Solder £1.24 Green FIM £0.23 
Plug 50Q Crimp ' £0.85 Blu £0.23 

INC Plug 75Q rm £1.40 White PTM £0.23 


TNC Plug 75Q C imp. & 
UHF Plug 5mm C 

UHF 
UHE Chassis Skt- Sqr £0.50 
UHF Chassis Skt- Rnd £0.73 
Extensive renae of RF con- 
nectors in stock, inc.FME, 


SMA, Mini UHF & N ver 





Colours Red, Black, Green, 
Blue, White or Yellow 
2mm Solder Plugs £0.18 
Z amm nese Lpocxets 
6 4mm Solder P ugs £0.35 
prod Stack hth lugs £0.40 
4mm Chassis Sockets 
4mm Binding Posts. £0.54 
33mm Crocodile Clips £0.13 












DPDT 9.2 x 10mm 


Miniature 

nt T25V 3A 250V 

6.2mm OD Mounting Hole 
SPST 8x 13mm £0.65 
SPDT 8x 13mm £0.56 
SPDT c/off8x 13mm _ £0.60 


SPDT c/o Biased 2 way£0.97 
SPDT c/o Biased 1 a J ways h: i 


DPDT 12x 13m £ 
DPDT c/oft 12x x 3mm £0.80 


PDT c/o Biased’ 2 way£1.28 
bed c/o Biased 1 way£1.28 


te 
10A 250V Push on terminals 
12mm . Mounting Hole 
SPST 18 x 30mm £ 
SPDT 18 x 30mm £1.3 
SPDT c/off 18 x aan £1.43 
DPDT 21 x 30m 1:65 


D 
DPDT c/off 21 x 20inm £1 68 
Slide samee 





Miniature 
300mA 125V 


0 DPDT c/o 12 X 35min £0. 33 
pac papa 





150mA 250V 


aigke before Break 22mm @ B 


8mm ounting Hole 
1 Pole 12.Way £0.84 
2 Pole 6 Way £0.84 


: Pole 4 wey 


£0.84 
Pole 3 £0.84 


.63 
Plug 11mm Cable £0. 75 Standard 










Miniature Round 
250mA 125V 28 x 10mm 
m & Mounting Hole 
Non. 9 Push to Make 


Non Latching Push to gt 
Black PTB £0.2 
nda 





rg 
1A 250V é 
39 x 15MM * a 
12mm @ Mout ale Hole 
Non Latching Push to Nake 
Black PTM 
Red PTM £0.60 
Blue PTM £0.60 
White PTM £0.60 
Latching -push On push Off 
Black £0.65 
Red £0.65 
Blue £0.65 
White £0.65 
Rocker Switches 
Miniature 
6A 250V Solder Tags 
SPST 21 





















25D Patch Box M-F 
Anti-Static Wrist Strap 







10m Printer Lead - 
Serial Printer 25M-9F 


Nu 
9 Female - 


9 Female - 25 Female £3.1 
9&25F to 9&25F £5.5 
Modem Leads 
25Maleto9Female £4.08 
25Male to 25Female £4.75 
Pe AI 25M £4.38 
nterlin re) ; 
Patch Lead 
25Male to 25Male £4.50 
seMare | to 36Male £2.60 
FOpey a ule rv, B £3.00 
° a = ; 
Hard Dink £165 
Sepde isk Fis x IDE £1.88 
Power 5%4-2x5% * £1.50 
Power 54-2x3% -. £2:24 


Power 54-3%,5% £2.24 

Networkin ng 

BNC T Piece FMF £1.71 

eNe T Piece ae £2.40 
C Coupler F £0.95 

BNC Souper M. - £1.65 

BNC Ratchet Crimper£17.44 


50Q BNC Terminator £1.24 
Thinnet Cable perm £0.39 


x 14x16mm £0.69 pt 


Check Tester 18 LEDs £6.32 
Enhanced + Switches £15.25 
25D Jumper Box M-F £2.90 
<7 32 
£4.76 
RS232 Surge Protector £5.43 
yi Surge Protector£1] 1.99 

4 Gang Surge Block £15.50 
Leads & Cables 













28 1 .5m Printer Lead £3.40 

] 5m Printer Lead £9.38 

£8.75 

£4.50 

Serial Printer 25M-25F £4.45 
ll Mede 


m Leads 
9 Female £3.16 
25 Female- 25 Female £4.63 














Boxes & Cases 
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ecast Aluminium 


© Piece Aluminium 
2.08 


To celebrate the new millennium, we are 
offering a range of over 20 products. All 
items have been carefully selected and 
are at seriously reducéd prices. All goods 
8 |will be available throughout 1999 and they 
2 Iwill all be priced at £19.99 inc vat. For a full 
list of all Millennium products, visit our web site. 


Eavipn Black, Brown, Red, 


Orange, Yellow, 
ae urple, G 
Per 100m ReelSoli 


Green 


are & White 


1/0.6m 212 
Stranded 7/0.2mm £2.53 
— Electronics 
LEDS 
3mm Red Led £0.08 
3mm Green Led £0.09 
3mm Yelow Led £0.10 
3mm Orange Led £0.10 
5mm Red Led £0.08 
5mm Green Led £0.08 
5mm Yelow Led £0.08 
5mm Orange Led ahaa 
5mm Red Flashing £0.4 
5mm Green Flashing £0. 30 
5mm Yellow Flashing £0.54 
5mm Bi-Colour Led 0.33 
5mm Tri-Colour Led. £0.28 
7 Foqmont Displays 
56” Red C.Cathode £0.78 
0.51” Red C.Anode £0.78 
0.3” Red &: Cathode £0.78 
0.3” Red C.Anode £0.78 
Infre Red t Devices 
3mm IR Emitter £0.23 
5mm IR Emitter £0.39 


3mm Photo-Transistor £0.26 
5mm Photo-Transistor £0. 4 


Photo Diode 

4N25 Opto-Coupler 
4N26 Opto-Coupler 
4N32 Opto-Coupler 


6N135 


: Teach-in 2000 & EPE 


Projects 


Teach-in 2000 aches & Tools Pack 
Normal £42.34 
Teach-in 2000 Components Pack( 1) 
Normal £2 1.03 


Pack Price £33.87 


pto-Coupler £1.30 






Power Connectors DPDT 21 x 24 x 22mm £0.96 Plastic coated steel top, N36 Opto-Coupler £ 
$ DC Low Voltage _- SPST - Red Neon £1.02 Aluminium base gN137 Obto.Coupler £0.90 
r SPST - Green Neon = £1.02 594 3. 127 - 1mm 6N138 Opto-Coupler £1.30 
<— oro Amber Neon £1.02 x seg ede 6N139. Opto-Coupler £0.90 
. 229 x 127 x 63mm CNY17-1'O-Coupler £0.47 
i Plug 0.7ID 2. 350D £0.47 TSA D50V Push on Tags 114 x63 x 57mm CNY17-2 O-Coupler. £0.38 
DC Plug 1.31ID 3.40D £0.32 SPST 30x 11x 22mm £0.58 re & Cable CNY17-3 O-Coupler £0.47 
DC Plug 1.7ID 4.00D £0.47 DPDT te x 25x 22mm£1.12 Ri Cable IS-74 SOR: -Coupler £0.4 
DC Plug 1.7ID 4.75OD £0.47 Olly Price Lio 300mm (1ft) ISD-74 Opto-Coupler £0.96 
DC Plug 2.1ID5.0O0D £0.25 15A 250V Push on Tags ] y Grey Ribbon ISQ-74 aa -Coupler £1.52 
DC Plug 2.51D 5.0OD £0.24 SPST 30x14mm Red £0.84 16 Wa md Grey Ribbon MOC3020 Opto-Triac£0.68 
DC Plug 3.1ID6.30D £0.46 DPST 30x25mm Amber£1.40 20 Way Grey Ribbon MOC3041 Opto-Triac£0.9 
DC Line Socket 2.1mm £0.57 DPST 30x25mm Green£1.40 26 Way Grey Ribbon ORP 
7 DC Line Socket 2.5mm £0.56 petays 34 Way Grey Ri Solar Cells ; 
2 5 Chassis Skt 2.1mm £0.40 . 40 Way Grey Ribbon 0.45V Screw Terminals 
7 DC Chassis Skt 2.5mm £0.41 aD vin Me T5V £1.38 2 way ay Bppor 100mA 26x 46mm _ ~~ ‘£0.85 
4 ee a eink JA 24Vde DPDT 12V £2.00 Enaonell led Gor Co r Wire 400A ri : aemm é| 4 
. —-. 3A 110V SPDT 6V_ = £0.58 oppe 
tt el ’ 16 SWG Enamelled 
3 Pin IEC Line Socket £1.08 2a ]IQVDEDTGV £0.93 18 SWG Enamelled 7 te haemo 
3 Pin IEC Line Pl £1:78 2A dIOVDEDT 12V £0.93 90 SWG Enamelled ; 
iy Chassre Socket £055 2A 240V DPDT 6 £1.76 59 Swe Enamelled 1 €-49/0 Case 
Pin Chassis Plug £0:72 Tod 2aWv-epoT 4y £1:28 24 SWG Enameled VBaMnZ 1.49 
£0.96 8 Way Bulgin 10A 240V SPDT 12V £1.44 38 WG Enameled 2.4576MHz £1:24 
0.84 10A 240V SPDT 24V £1.44 452WGE led 3.2768MHz £0.96 
20 BW Enameled 3.579545MHz £0.81 
Computer Accessories 34 awe Enameled 3.6864MHz £0.81 
Adaptors _ 3 awe named od 4. £0:81 
| oe eee Coen 4794304MHz £0.53 
8 Pin Line Plug P55], £4.08 49 SWG Enamelled aSieehe ed 
8 Pin Chossis Skt coe £1.39 4 Tinned eer Wi 6 OMHz . £0.81 
Toggle Lami 9M Gender Chan ed £2.18 560 eh Ni 6. 44Miiz £0.81 
Surtiehes 9F Gender Chan ger £2.29 4SWGT Tinned AU Soi ee 
25M Gender Changer as Bp 16 SWG Tinned 8.867238MHz £0.81 
25F Gender Chan 0 18 SWG Tinned 10.0MHz £0.66 
jeeyity Sfemale £1 E190 8 2 SWE Tinned 11.0MHz £0.81 
emale - ale Tinned - 
axa WeOV 9M-6 Mini Din Male £2.40 24 SWG Tinned 1DOMAe £0.83 
5m Mountina Hole 9F - 6 Mini Din Female £2.40 26 SWG Tinned 14.7456MHz £0.83 
SPST 5 x 10mm Ge" 60.58 5M Din - 6F Mini Din £2.08 24 SWG Tinned 16,0MHz 60.83 
6 SPDT 5x1 £0.40 Jf Din- 6M Mini Din £2.08 -20.0MHz £0.90 
ett OF 5x 10mm £0.) fosters / Renee Boxes 9 : — 
£0.66 EPE PROJECTS 


Pack Price £16.82 - 


Full details on our Web site of these & other 
discounted component kits for EPE Projects. 


/ www.esr.co.uk 













~ Model MB150 
List Price £26.99 


A high speed precision drill for increased versa- 
tility. Lightweight keyless chuck enabling easy ac- 
cessory changeover. Pencil grip for easy use or 
may be fitted to our vertical drill stand. 0-18Vdc 
30W fan cooled motor, 30,000rpm 
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Editorial Offices: 

EVERYDAY PRACTICAL ELECTRONICS/ET! EDITORIAL 
ALLEN HOUSE, EAST BOROUGH, WIMBORNE 
DORSET BH21 1PF 

Phone: Wimborne (01202) 881749 

Fax: (01202) 841692. Due to the cost we cannot reply to 
overseas orders or queries by Fax. 

E-mail: editoriai@epemag.wimborne.co.uk 

Web Site: http://www.epemag.wimborne.co.uk 


See notes on Readers’ Enquiries below — we regret lengthy 
technical enquiries cannot be answered over the telephone. 


Advertisement Offices: 


VOL. 28 No. 11 NOVEMBER ’99 


GIVE PICS A CHANCE | 

It seems some of our readers are definitely not interested in PICs. They see any PIC pro- 
ject as being computer orientated and they don't want those dreadful machines impinging 
on their hobby of electronics. Well, I'm here to tell you that you don't need to have any con- 
tact with a computer to build the vast majority of our PIC projects. You don't need to under- 
stand DOS or Windows or any of that computer babble, you just need to be able to wield a 
soldering iron and follow our constructional information. | 

The black art of actually programming the chip need not worry you any more than the 


design of the silicon inside a 555 or even the atomic level interaction in an OC71 (if you © 


have never heard of one of those, don't worry 'cos you probably never will again). 

Unfortunately, the world moves forward and the fact that we have exciting new chips that 
will allow our projects to perform ever more complex tasks, whilst staying simple to build, 
should be a bonus. (I should point out that PICs are not that new, even to the hobbyist; our 
first PIC based project appeared in EPE. in June 1992 and we have been sent a General 
Instruments data book that. shows they were selling PIC chips in 1982.) 


BLOWING A FUSE 

It's not a matter of blowing internal fusible links, or handling unreliable static sensitive 
devices that will “fall over” as soon as you look at them. PICs are robust, easy to use chips 
that have, along with other microcontrollers, revolutionised the world of electronics. So, 
please don't be frightened of them — we understand if you don't want to know about the soft- 
ware or the programming — just give them a try, we are sure you will find they are just like 
any other chip if you buy them preprogrammed. If, however, you then decide you might just 
be interested in making a PIC do what you want it to then a whole new fascinating world 
might just open up for you. | | 

If you want to understand more about electronics in general, then our new Teach-In 2000 
series starting this month will be invaluable. There is also some free software to help. you 
along but of course it's not essential if you are “computer shy”. 

By the way, don't worry about what PIC stands for — PIC is simply the prefix given to a 
range of microcontroller i.c.s made by Microchip. Millions of them are in use in commer- 
cial products all over the world and thousands of them are being used by hobbyists every 
day. 1 tid 





AVAILABILITY 


Copies of EPE/ETI are available on subscription — 


anywhere in the world (see right), from all UK 
newsagents (distributed by Comag and from the 
following electronic component retailers: Omni 
Electronics and Maplin in S. Africa. EPE can also be 
purchased from retail magazine outlets around the 
world. An Internet on-line version can be purchased 
from www.epemag.com 





SUBSCRIPTIONS 

Annual subscriptions for delivery direct to any 
address in the UK: £26.50. Overseas: £32.50 stan- 
dard air service, £50 express airmail. Cheques or 
bank drafts (in £ sterling only) payable to Everyday 
Practical Electronics and sent to EPE Sub. Dept., 
Allen House, East Borough, Wimborne, Dorset 
BH21 1PF. Tel: 01202 881749. Fax: 01202 841692. 
E-mail: subs@epemag.wimborne.co.uk. Also via 
the Web at: http://www.epemag.wimborne.co.uk. 
Subscriptions start with the next available issue. We 
accept MasterCard or Visa. (For past issues see the 
Back Issues page.) | 


BINDERS 
Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the ig logo in gold on the 
spine. Price £5.95 plus £3.50 p&p (for overseas 
readers the postage is £6.00 to everywhere except 
Australia and Papua New Guinea which cost 
£10.50). Normally sent within seven days but please 
allow 28 days for delivery — more for overseas. : 


Payment in £ sterling only please. Visa and 
MasterCard accepted, minimum credit card 
order £5. Send, fax or phone your card number 
and card expiry date with your name, address 


‘etc. Or order on our secure server via our web 





~$ite. Overseas customers — your credit card will 
I||| «be charged by the card provider in your local 
_.currency at the existing exchange rate. 
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EVERYDAY PRACTICAL ELECTRONICS/ETI 
ADVERTISEMENTS 

MILL LODGE, MILL LANE 
THORPE-LE-SOKEN, ESSEX C016 0ED 
Phone/Fax: (01255) 861161 


Editor: MIKE KENWARD 

Secretary: PAM BROWN 

Deputy Editor: DAVID BARRINGTON 
Technical Editor: JOHN BECKER 
On-Line Editor: ALAN WINSTANLEY 
Business Manager: DAVID J. LEAVER 
Subscriptions: MARILYN GOLDBERG 
Editorial: Wimborne (01202) 881749 
Advertisement Manager: 


- PETER J. MEW, Frinton (01255) 861161 


Advertisement Copy Controller: 
PETER SHERIDAN, Wimborne (01202) 882299 


READERS’ ENQUIRIES 

E-mail: techdept@epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of. designs published in the magazine. We. 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a. self- 
addressed envelope and international reply 
coupons. Due to the cost we cannot reply 
to overseas queries by Fax. 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is 
reliable. We cannot, however, guarantee it and 
we cannot accept legal responsibility for it. 


COMPONENT SUPPLIES | 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts are 
still available before commencing any project 
in a back-dated issue. 


ADVERTISEMENTS 

E-mail: adverts@epemag.wimborne.co.uk 
Although the proprietors and_ staff of 
EVERYDAY PRACTICAL ELECTRONICS/ETI 
take reasonable precautions to protect the 
interests of readers by ensuring as far as 
practicable that advertisements are bona fide, 
the magazine and its Publishers cannot give 
any undertakings in respect of statements or 
claims made by advertisers, whether these. 
advertisements are printed as part of the 
magazine, or in-inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. Legal 
remedies are available in respect of some of 
these circumstances, and readers who have 
complaints should first address them to the 
advertiser. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT | 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 


the law before buying any transmitting or 


telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; overseas readers 
should check local laws. 
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Constructional Project 


GINORMOUS 


STOPWATCH 


NED STOJADINOVIC = 





— Part 1 == 


Automatically times sporting events 
up to ten hours with a resolution of 
7/100th of a seconda. 


HE circuit presented here is a mod- 

ernised version of a stopwatch 

designed and built by the author sev- 
eral years ago to time equestrian events 
where the start and stop gates were not 
readily visible to the timekeepers, necessi- 
tating some sort of remote triggering to get 
reasonable accuracy. 

Also included is a large display unit so that 
the audience can be a part of the action — their 
hero has two fences to go and the clock is 
ticking, will he beat the current best time. . . 


NEW TECHNOLOGY 


This design is something of an object 
lesson in just how far hobby elec- 
tronics has come in the last few 
years. 

The first stopwatches the author 
built were entirely from discrete 
components and comprised several 
circuit boards all performing a sin- 
gle function. There was a clock 
generator board, two separate light 
emitting diode (l.e.d.) drivers, 
transmitter/receiver boards and var- 
ious miscellaneous bits to glue 
them all together. 

Needless to say, the whole device 
was a monster and required the ser- 
vices of a lead acid battery the size 
of half a house brick to keep it all 
running. Also needless to say, it 
cost a fortune to produce! 

The current design uses a single 
PIC16CS55 to generate all the timing 
and liquid crystal display (l.c.d.) 
functions. The transmitter/receiver 
sections are comprised of small com- 
mercial modules, complete with 
channel coding/decoding facilities. 

Furthermore, instead of a lead 
acid battery that could easily start a 
small car, a standard 9V cell is 
used. Oh, and the Stopwatch mod- 
ule outputs serial data for the Large 
Digit Display to-boot! 


DESIGN OVERVIEW 


The maximum time is ten hours (9:59:59-99 
where the last digit is hundredths of a 
second). 

There is an integral display on the main 
controller board, using an alphanumeric liq- 
uid crystal module, which can either be 16 
characters by one line (16 x 1) or 16 charac- 
ters by two lines (16 x 2), either will work. 

As an optional extra feature, the design 
includes a radio control function. Two 
transmitters can be used in conjunction 
with optical “gate” detection units. The 
transmitters are of a type approved in the 
UK and operate on 418MHz using 
amplitude modulation (a.m.). 








The optical gate units are basically “door 
minders’’, the same as you might see in the 
doorway of shops. In normal operation, the 
beam units will transmit a coded signal to 
the Stopwatch module when the beam is 
broken, and the code will specify which 
beam was broken, i.e. Stop or Start. 

The 418MHz receiver module on the 
Stopwatch assembly includes its own 
decoders which allow two channel operation, 
where one channel is Start and the other is 
Stop. In use, the receiver is taught the code of 
the transmitters following the method out- 
lined in their respective data sheets. 

Ensure that you obtain data sheets for 
the transmitters, receiver and “door 
minders” when you order them. |. 

Note that the Lap function is only avail- 
able via a pushbutton switch. 

Another special feature of the Stopwatch 
design is the serial output for the 
Large Digit Display unit, which 
will be described next month. 

The serial output runs at 9600 
bits/sec with N,8,1 protocol (no 
parity, eight bits and one stop bit). 
The physical design is exactly the 
same as used by musical instru- 
ments in the MIDI standard, 
which specifies everything linked 
together by optocouplers, making 
for a very rugged and almost fool- 
proof piece of apparatus. 


BRAIN BOX 


As the PIC microcontroller is 
the brain of the outfit, we start 
with a discussion of this aspect of 
the design. 

The fundamental part of the 
software is in the use of the RTCC 
(real time clock counter) to gener- 
ate 0-01 (one hundredth) second 
clock signals, or 100Hz. Taking 
the easiest option, a 3-2768MHz 
crystal is used to generate the 
microcontroller’s basic control 
frequency, which is then divided 
internally by four by the micro to 
produce an intermediate clock rate 
of 819200Hz. 

Now the PIC’s prescaler func- 
tion is used to divide by 16 to give 
51200Hz. Then the RTCC divides 


The basic Stopwatch is fairly Photograph of the author's prototype test model of the by 256 to give 200Hz, which is a 
standard with the usual Start, Stop Stopwatch control board. in the final version described period of 0-005. seconds, where 
and Lap functions that can be additional switches are included. The relay on the receiver twice 0-005 gives us the desired 


triggered by pushbutton switches. 
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module (r.h.s. of photo) is not used. 


0-01 seconds clock rate. The 
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software reads and responds to the status of © 


the RTCC, but never writes to it (an action 
which can create timing accuracy 
_ problems). 

If you refer to the source code (see later), 

you will see that the main program loop is 
simply checking the position of the push- 
button switches and radio control signals. 
The prescale value of 16 means that every 
value of the RTCC counter will be held for 
16 clock cycles. 
_ In practical terms, the main program 
- loop must have less then 16 cycles before 
testing for RTCC equalling zero (i.e. the 
RTCC rollover). Once the RTCC rollover 
has been detected, there are around 255 x 
16 (4080) cycles in which to perform other 
parts of the program. 

With the clock rate established, it is a 
simple matter of dividing it down by tens to 
get tenths and seconds, then by 60 to get 
minutes, etc., the only complication being 
that the I.c.d. demands numbers in ASCII 
format. In fact, this is quite easy to resolve 
as it simply means that a value of 30h 
(hexadecimal — 48 decimal) has to be added 
to the counter values. 

This could have been done in the l.c.d. 
drive subroutine but it was just as easy to 
manipulate the counters with the 30h 
added. 


DRIVING THE L.C.D. 


The author claims no credit for the l.c.d. 
driving subroutine — he lifted it complete 
from a Parallax application note which is 
available from their web site at www.par- 
allaxinc.com. It is strongly suggested that 
you have a good browse, especially the 
l.c.d. notes which are excellent. 


It should also be mentioned that the main © 


aim of any programmer is not to write any 
software unless forced into it, there is no 
percentage in recreating the wheel — unless, 
of course, you are learning to make wheels! 


SERIAL OUTPUT 


The serial output was rather more com- 
plicated due to timing limitations. There is 
simply not enough time to update the l.c.d. 


and the large display and get back in time. 


for the RTCC rollover. 

After much head scratching it was 

decided to do what all programmers must 
eventually do — cheat! Since the human eye 
cannot really follow numbers changing at 
one hundred times a second, it seemed that 
the display would probably look the same 
if it simply showed the number “8”’ while 
the stopwatch was running, but updating 
everything when it was stopped. 

As far as can be determined, it works and 
nobody has come up and said “Oi, yer hun- 
dredths ain’t runnin’ proper’’. 

Of course, it was not as simple as that 
due to the Lap function. Once the clock is 
stopped it doesn’t matter how long it takes 
to update the displays (where Jong is mea- 
sured in hundredths of a second) because 
the RTCC is halted, but freezing the display 
for a Lap requires an update while check- 
ing for RTCC rollover. 

The solution was to check the RTCC 
value before calling the l.c.d. driver sub- 
routine and vetoing the call if the rollover 
was getting close. This necessitated a 
whole heap of flags to mark the digits that 
have been updated, but seems to work quite 
smoothly. 
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Fig. 1. Complete circuit diagram for the Ginormous Stopwatch control module. 
Note that IC4 is part of the Large Digit Display unit described next month. 


Note again that the serial output routine 
started life as a Parallax application note 
and you should have a look at their excel- 
lent description of the serial communica- 
tions protocol. 


MIDI STANDARD 
As regular EPE readers will know, the 
MIDI standard specifies a very good way to 
send serial data from one electronic musi- 
cal instrument to another. The MIDI stan- 
dard was probably implemented to allow 
musicians to be very careless of connec- 
_ tions with a high degree of impunity! It 
seems to work well. | 
The receiving instrument has an opto- 
coupler isolating it from the outside world 
— there is no electrical connection to the 
sending instrument. The sending instru- 
ment supplies the power to drive the l.e.d. 
within the optoisolator. 
In the stopwatch module, as shown in the 
. Circuit diagram of Fig.1, when transistor 
°.TR1 is switched on by the PIC, current 
flows from the 5V power supply, through 





resistor R8 and optoisolator 1C4 and finally 
to ground (OV) through TR1. Note that IC4 
is actually part of the Large Digit Display 
to be described next month. 


U.H.F. CONTROLLER 

Living in this era is great, all you have to 
do is draw a box marked “UHF Module” 
and move onto the next part of the design. 
The module used here is a complete u.h.f. 
receiver which includes internal functions 
which decode the received signal and, 
when the code received matches that of one 
of the decoders, produces a logic low on 
the appropriate output pin (pin 9 or pin 10), 
which is fed directly into the PIC (pin 24 or 
pin 25, respectively). 

Note that the u.h.f. unit you receive may 
have outputs that are normally low, i.e. 
pressing the radio transmitter buttons will 
make the output go to 5V. This is not a 
problem as the software only looks for a 
change of state, either OV to SV or 5V to 
OV, but note the comments at the end of the. 
“Testing” section. 

















OPTICAL GATES 


Since the reinvention of the wheel was 
not a high priority, the author used com- 
mercially available “door minders” as the 
optical gates. The design used by the author 
uses a modern integrated component to do 
all the dirty work of modulating/sending 
and then receiving/demodulating the infra- 
red beam. 

One of the interesting parts of this par- 
ticular design used by the author is the way 
the beam is doubly modulated to avoid 
false triggering. This is spelled out in the 
data sheet that accompanies the module. 

In practice, any “door minder” can be used 
if local ‘sources are more convenient. (See 
Shoptalk for suppliers.) Pretty much all of 
them use an output relay and it is a simple 
task to wire them up as shown later in Fig.3. 


SOFTWARE 


The software for the Stopwatch is avail- 
able on 3.5-inch disk from the Editorial 
office (see the EPE PCB Service page for 
details and cost), and via the EPE web site. 

Preprogrammed PICs for the Stopwatch 
are available as discussed in Shoptalk. 


COMPONENTS 


CONTROL MODULE see 
Resist 

TEE, wen SEO 
are R10 10K (8 of) TALK 


R8 220Q page 
All resistors 0:25W 5% carbon film. 


Potentiometer 
VR1 5k (or 4k7) min. horiz. 
preset 


Capacitors 
1, C2 15p ceramic (2 off) 
C3, C4, C5 100n ceramic (3 off) 


Semiconductors 

TR1 BD681 (or equivalent, e.g. 
npn Darlington 
transistor TIP 141 
or TIP142) 

IC1 PIC16C55 micro- 
controller, 
preprogrammed 

IC2 78L05 +5V 100mA 
voltage regulator 


Miscellaneous 
S1 to S4, push-to-make switch 
S6 (5 off) 
$5 min. s.p.s.t. toggle switch 
$7 min. s.p.d.t. toggle switch 
WD1 active buzzer, 9V to 12V 
X1 3:2768MHz crystal 
X2 u.h.f. receiver/decoder 
module, Maplin CR76H 
X3 alphanumeric I.c.d. 
module, 16 x 1 or 
16 x 2 (see text) 
X4 u.h.f. transmitter module, 
Maplin CR72P (2 off) 
X5 door minder module 
— see text (2 off) 


Printed circuit board, available from the 


EPE PCB Service, code 246; connecting 
wire; solder, etc. 


yVoye) ge) em Oxek-y | 2? & 
Guidance Only 


r=) (ol Ma ele lle eelel ine) 
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TIP141 
TIP142 





Flg.2. Printed circuit board component layout and full size copper foil track master 
pattern for the Stopwatch control module, plus pinouts for the TR1 alternatives. 
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CONSTRUCTION 


Construction of the Stopwatch circuit is not very involved, but there 
are a few things to watch out for. The printed circuit board component 
layout and track details are shown in Fig.2. This board is available 
from the EPE PCB Service, code 246. 

Put all of the resistors, transistor and power supply parts in first, fol- 
lowed by the sockets for the i.c.s., plus the two link wires between the 
PIC and receiver module positions. 

If preferred, these two link wires could be replaced by toggle switches 
to isolate the effects of the optical gate transmissions when desired. 

Do not at this stage put in the PIC or l.c.d. and receiver modules. 

Now go around the board and look for SV and OV in all the right 
places and an open circuit in all the places that should not be con- 
nected yet (see Fig.1 and Fig.2). For example, the PIC socket should 
have pins 2 and 28 at +5V, pins 1, 4 and 19 to 25 at OV, and the rest of 
the pin connections open circuit. 

At the end of this checking you should know that there are proba- 
bly no solder bridges to the power supply, that the pull-down resistors 
to pins 19 to 25 are working and that the master clear (MCLR) is at 
+5V as it should be. You will also know that the power supply regula- 
tor IC2 is outputting the correct voltage of +5V. 

After that, just insert the remaining components in any order that 
seems sensible, but leave the I.c.d. and the PIC until last. 

The receiver has a couple of links to determine whether the outputs 
latch or are momentary when operated and you will need to connect 
_ its “link 2”. This can be done on the module with a short piece of wire 
or else solder two pieces directly down to the Stopwatch module, 
where there is a link formed on the printed circuit board between pins 
12 and 13 of the module's position. 

Once all that is done, put in the PIC and the receiver module. The 
l.c.d. can be mounted directly on the board or via a 14-conductor rib- 
bon cable — old computer cables work well. Just cut to length, sa 
and tin the conductors and solder them all in. 

No particular case is recommended for the Stopwatch, and readers 
may use any plastic enclosure of their choice. 


TESTING 


Testing with microcontroller Sarees is generally of a “turn it on and 
see if its running” variety. So power it up and see if the l.c.d. starts up with 
a string of zeros separated by a colon and decimal point in the right places. 
Pressing the Start, Stop and Lap switches should have the desired effect. 

Check for +5V at pin 3 of the receiver (X2) and ground at pin 4. 
Once the receiver has been taught the transmitter code (as described 
in its data sheet), you should find that pressing the transmitter’s right- 
hand button should make pin 9 of the receiver change state and the 
_ left-hand button will do the same for pin 10. 

The “door minder” units are tested as in the instructions that come 
with them. The toggle switch (S7) shown in Fig.3 will allow the 
buzzer (WD1) to sound when in position A, and allow the coded radio 
signal to be transmitted when in position B. 

The transmitters are activated simply by connecting their power 
supply inputs as shown in Fig.3. Breaking the gate beam when S7 is 
in position B will cause transmission to start, lasting for as long as the 
beam remains broken. 

To test this function, make sure the Gate switch (S5) is off, ition 
break the gate beams in turn. The coded transmission signal should 
cause the Stopwatch to start and stop. Now switch S5 on and break the 
beam of one of the gates a few times, noting that the Stopwatch should 
alternately start and stop each time. 

It is important to note that in this mode the Stopwatch has a time 
delay built in so that once the gate has been triggered there is a pause 
of about one second before the gate can be triggered again. This pre- 
vents the stopwatch being started and stopped by, say, a horse’s four 
legs passing in front of the gate. 

As mentioned; the software automatically tests the u.h.f. radio out- 
puts to see if they are normally high (5V) or normally low (OV). It 
does this at reset so if you are using toggle switches to isolate the radio 
module outputs from pins 24 and 25 of the micro (the start radio and 
stop radio inputs), you should make sure the switches are closed 
before you reset the Stopwatch. 

Hopefully all should be well, and your timer should be ready to stir 
up the action at all those tense sports events, aaa after you have 
built Part Two next month .. 


LARGE DIGIT DISPLA Y 


Next month, in Part Two, we describe the Large Digit Display that 
can be used with the Ginormous Stopwatch. Each digit board mea- 
sures an astonishing 248mm x 142mm, and uses 78 l.e.d.s! 
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One digit of the — Digit Display to be described 
next month. 






LEGAL REQUIREMENTS 


This design uses radio frequency modules that do not require 
a licence for use within the UK. However, in order to comply 
with Home Office regulation MPT1340, the transmitter and 
receiver enclosures must be clearly labelled as indicated below 
with lettering not less than 2mm in height: 








MPT 1340 
_W.T. 
LICENCE 
EXEMPT 














The transmitter antenna must be of an integral type. The |. 
Radio Communications Agency (RA) defines an integral anten- 
na as “one which is designed to be connected permanently to the 
transmitter or receiver without the use of an external feeder”. It 
is important, therefore, that the antenna is not accessible from 
the outside world and must not be removable. 

In this instance, as long as the actual antenna wire is covered 
by a suitable sheath, such as a length of plastic wire-cladding and 
sealed at one end using a suitable adhesive, then it can be 
considered as integral. The receiver antenna can be integral or 
external as required. 
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We technology moving at such a 
rapid pace it is necessary to have cir- 
cuits that can reach higher frequencies and 
operate faster. In the radio frequency 
scene, higher. frequencies are becoming 
more common place as use of the radio 
spectrum increases and higher frequencies 
must be used to accommodate the new ser- 
vices. This can be seen by the fact that the 
first cellular telephone services in the UK 
used frequencies around 900MHz, where- 
as some now use frequencies around 
1800MHz. | 

However, this is only one small example 
of the increased use of the spectrum. To 
enable products to be successfully manu- 
factured to meet the cost and performance 
requirements of the market place it is nec- 
essary to use integrated circuit technology. 
Accordingly the operating frequencies for 
i.c.S must increase. | 

Speeds in the digital side of the industry 
are also increasing rapidly to accommo- 
date the increased processing power 
required by the more complicated pro- 
grammes being written nowadays. 
Processors running at speeds of 400MHz 
are relatively common now, and it is likely 
that chips operating at 1GHz will be com- 
mon place before too long. | 

However, to-produce chips that run at the 
required frequencies or speeds is not easy. 
Feature sizes have been progressively 
reduced over the years. Now sub-micron 
‘dimensions are used in all new chips, and 
these advances alone have helped increase 
speeds by reducing the distances and the 
levels. of spurious capacitance. 


The reduction in feature sizes is not the 
whole story. The resistance of the intercon- 
nections between different parts of the chip 
is now one of the major limitations pre- 
venting further increases in speed. 

This arises from the fact that some 
degree of capacitance, even though very 
small, has to be charged up through the 
resistance resulting from the interconnec- 
tions. This gives a delay resulting from the 
RC time constant and it is found this is now 
longer than the switching time of the tran- 
sistors. Accordingly, any increases in the 
speed of the transistors themselves will be 
hidden by the propagation time of the sig- 
nal along the interconnections. . 

Currently, aluminium is used to make 
any interconnections that are required. 
Although. it has a relatively high resis- 
tance, when compared to other metals 
like copper and gold, aluminium is used 
because other metals diffuse into the 
semiconductor much more readily during 
the thermal stages of processing. 
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One area into which a vast amount of research eftort 
is being placed is that of using copper in high speed 
integrated circuits, reports lan Poole. 


Migration is also a problem and metals 


including gold and copper are particular- — 


ly problematical. 

Against these problems the use of copper 
gives a significant improvement in speed 
on its own, providing a claimed 30 per cent 
improvement. It would be possible to pro- 
vide even greater levels of increase if the 
dielectric could be developed to reduce the 


levels of capacitance, but this is not an 


option at the moment as development 
problems are being encountered. 


To be able to use copper it has been 
necessary to develop a new process to 
enable it to be used without the possibil- 
ity of diffusion or migration. This is 
achieved by laying the copper onto the 
silicon with an insulating layer around it. 
In many ways this new process emulates 
the structure of normal insulated wires 
used in commercial and domestic 
applications for interconnections. 

The process is known as dual dama- 
scene, taking its name from an ancient pot- 
tery process. To achieve the insulation, 
trenches are first etched into the silicon 
using a plasma etch process. A layer of an 
insulator is then laid down onto the sides 
and bottom of the trench. The most com- 
mon material for this is silicon nitride, but 
whatever the material it is only a few 
angstroms thick, although it is sufficiently 
robust to provide insulation at the relative- 
ly low voltages used. 

The metal conductor is then laid down 
onto the surface of the whole wafer using 


an electroplating process. Excess material 


is then removed by polishing the wafer 
back to the silicon of the wafer. This is 
achieved using a lapping machine and a 
water based slurry. In order to completely 
isolate the metal interconnection a further 
layer of nitride insulator is then laid down 
onto the wafer surface. 

In many integrated circuits five or more 
layers of interconnections may be 
required. However, it is normally only the 
first two or three layers that would use this 
process. In this way only those layers that 
are closest to the transistors and require the 
highest performance use the process. 


Trench Tests 


Tests have been carried out to test the 
yield and reliability of the basic idea. To 
achieve this a silicon-oxy-fluoride (SiOF) 
layer was laid onto a silicon surface using 
vapour deposition and then the trenches 
were formed. 

The surface of the SiOF was exposed to 
ammonia and then copper was sputtered 


into the trenches. To prevent the copper: 


diffusing into the SiOF, nitrogen doping 


was used around the edges of the trench. 

The resistivity of the resulting copper 
interconnections was shown to be signifi- 
cantly lower than that of the aluminium: 
ones normally used. In addition to this, 
none of the problems arising from the cop- 
per lifting from the surface were experi- 
enced once the process conditions had 
been correctly set. This was one of the 
major fears and had prevented a number of 
manufacturers from thinking the process 
was viable. 

The overall result of the test was to give 
conclusive evidence that a significant 
reduction in propagation delay could be 
achieved. By adopting this process of 
using copper interconnects significant 
improvements in the overall performance 
of i.c.s have been shown to be possible. 


_ Now that it has been seen to be viable in 
terms of performance, the process needs 
to be utilised in the manufacture of real 
integrated circuits. Motorola and IBM are 
seen as the two world leaders in this field 
and they in turn have worked with other 
organisations including universities to 
bring the process to fruition. Now the 
process is being licensed to a number of 
other manufacturers. 

_ There is a considerable amount of inter- 
est because the process has been shown to 
work, and the resulting i.c.s have been reli- 
able. In addition to this the process does 
not require the use of any further mask 
steps or any new process equipment. 

This will mean that manufacturers can 
incorporate the process without adding any 
costs to their capital investment. This is a 
considerable advantage in a market place 
that is particularly competitive and cost 
sensitive. 

As a result of these advantages, the new 
process is now being incorporated into the 
plans of a number of manufacturers. 
Motorola are using it in high speed chips 
intended for use in servers and work 
stations. _ 

Where cost is of paramount importance 
copper is only placed into the layers where 
it is actually required. In this way the bot- 
tlenecks that the new process introduces 
can be kept to a minimum. Despite this 
problem, it is likely to be used for many 
years to enable the required speeds to be 
achieved. | 

To this end, plans exist to use the process 
in new developments beyond the year 
2002. In today’s fast moving semiconduc- 
tor manufacturing industry this represents 
a considerable amount of confidence in the 
new process. 3 
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QUICKROUTE 


route Makes it Easy 







It's not hard to see why Quickroute is so easy to use! We've integrated mixed mode 
simulation, schematic capture, PCB design with autorouting and CAD-CAM support into 
one integrated environment. Best of all, prices start at just £99.88 inclusive* for the 
complete system with support for 300 pins - less than the price of some simulators alone! 


SPECIFICATION 


Quickroute 4.0 features a modern user interface with active buttons and dockable tool 

bars. Frequently used tools can appear on floating tool pallettes for quick access, and 

B Modern user interface 
WViiialee (eres <e]e) (=m ele) elem. 
olor iV{=m o) 8) ie) als 


with tool-tips and on-line help you can be sure of getting information on Quickroute's 
features fast. 


B Multi-sheet schematic To create a schematic in Quickroute 4.0, simply click on the symbol browser and select 
fore] e)iUlc- me] Mial=m e)iosnne) me, 


button. 
| ee O)'\. >) Olli axe (@} (OM @)Uls quickly wire up your 


10] @) ote) ai ; 
| a Y- 3]] mani) <-vem aalere(= oo aun ane Eng. Change 
ieee simulate the design 
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Saaleleniela 


| Mums] ©) 0le) ance) mom celale|-me)/ 
SPICE .MODEL statements. press a button to 


| Wn Oe) 0) 01-1 aii elere || capture the 
BD Netlist import & export schematic, a PCB 


en Or NDYLOV NW Bii(= rats nest will then 
aa) xe) afk=>, ke) sem e1=14 el=15 appear (no messy 


Viewer. netlists required!). 
CADCAM 
» PCB Design with 1-8 |CADCAM 


layer autorouter Use the multi layer 


BD WME, DXF, & SPICE file autorouter, and/or 
export manual routing to complete your PCB together with copper 


» 1000+ Library Symbols fill, etc as required. Finally print your design, or create CADCAM files suitable for 
b Savellatst-ulale! Change & manufacture (we even include a Gerber viewer for checking). 
Design Checking 


and place symbols onto the design area. Use the ‘intelligent’ wires, power rails and data 
bus elements to 





as required. When 
completed, simply 








But it doesn't end there! Quickroute 4.0 includes engineering change for automatic 
updating of your PCB from the schematic, netlist import & export so that you can link to 
other EDA packages (including many simulators), DXF, SPICE, and WMF file export 
together with over 1000 library symbols. 


FREE DEMO 
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Call us now and find out why Quickroute 4.0 Makes it Easy! 


swlnieohec ati FREEphone Ref 411 
0800 731 28 24 


FAX 0161 476 0505 TEL 0161 476 0202 
Quickroute Systems Ltd Regent House 


30 DAY MONEY 
BACK GUARANTEE 





*Includes UK P&P and VAT. Phone for EC/World prices. Heaton Lane Stockport SK4 1BS UK 
**Design cycle figure shows screen shots from different projects. Copyright (C) 1998 Quickroute Systems Ltd. All 
Prices & specification subject to change without notice. rights reserved. All trademarks are the property - 


of their respective owners. 




















FM radio transmitter kits from as little as 
professionally built systems 

from only 
systems: kits up to 
professional 


systems up to 


Full range of 
and accessories 


available 


Professional | 
systems available. 


VeronicaFM V35 RSL systems 
are cheaper than renting! High quality, 
powerful RSL specific systems at 


unbelievable prices: from just 
systems also available, as an add-on to an 


existing transmitter, or as part of a complete system 













Or mor 
ind a free brochure 






E-mail: info@veronicafm.co. , k 
Obe79 BlbedO (exer) oe 
VeronicaFM, 18 Victoria Street, Queensbury, Bradford, West Yorks, BD13 1AR 
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A roundup of the latest Everyday 
News from the world of 


electronics 





OFTEL AND BT AT ODDS OVER PHONE LINES 


Who should set standards, national agencies or international 
industries? Barry Fox highlights the question. 


FTEL wants to kickstart the delivery of 

wide bandwidth data and video to 
homes and small offices, using the new 
Asymmetric Digital Subscriber Loop tech- 
nology that works with ordinary copper 
phone wires. This makes the UK a world 
leader but puts Oftel on a collision course 
with BT which wants to do the same thing 
but differently. 

In its report published in early July 
(www.oftel.gov.uk, Access to Bandwidth: 
Proposals for Action), Oftel applauds the 
consumer trials of ADSL which BT has car- 


ried out in homes near its research labs in 


Martlesham and in North London, but wants 
to stop BT creating a monopoly by setting 
the technical standard for everyone else. 


BT OPPOSES OFTEL 


BT is radically opposed to Oftel’s plan to 
let competitors use any technology that does 
not cause interference. BT warns that Oftel 
may not be able to set up the necessary 
spectral management scheme in time for its 
promised service launch by July 2001. 

“It raises significant operational, techni- 
cal and security issues’’, says BT. “We will 
co-operate with Oftel but press on with our 
own bold plans.” 

To drive the message home, BT is spend- 
ing £5 billion on upgrading its network and 
pre-empted Oftel by contracting Fujitsu 
and Alcatel to equip 400 exchanges, serv- 
ing 6 million homes, by Spring 2000. 

The US government relaxed its control 


on the phone system in 1996, leaving rival — 


operators free to use whatever technology 
they like, and without any overall spectral 
management plan. Peter Walker, Oftel’s 
Director of Technology, believes this will 
backfire and as more services come on 
stream they will start to interfere with each 
other. 

“You can’t have a complete free for all’’, 
says Walker. “That is why the rest of the 


world is watching and waiting to see what 


happens in the UK.” 
POTS AND ADSL 


Conventional twisted pair copper tele- 
phone wires are designed to carry POTS, 
or plain old telephone services, with ana- 
logue speech frequencies up to 4kHz. PC 
and fax modems convert digital code into 
switched analogue tones which fit into this 
band. The maximum data rate is 56Kbps. 
The same wires can carry digital voltage 
pulses streaming at 144Kbps, for ISDN 
services, but only over a few kilometres. 
This occupies a bandwidth up to 40kHz. 

ADSL splits a higher rate digital signal 
into many separate streams and slots them 
into many hundreds of very narrow fre- 
quency bands which sit above the POTS 


signal. A standard set by the International 
Telecommunications Union (G.992.1) pro- 
vides downstream data rates of up to 
8Mbps, and an upstream return path of up 
to 800Kbps, depending on how far the sub- 
scriber is from the exchange. In practice, 
the downstream rate is limited to around 
2Mbps, because this is reliable over sever- 
al kilometres and sufficient for MPEG dig- 
ital video of VHS quality for video confer- 
encing or video-on-demand entertainment. 
The slower, asymmetric, return path 1s ade- 
quate for data transmission, still pictures or 
low quality video. 

Each subscriber needs a modem in the 
home and another at the telephone 
exchange dedicated to the subscriber’s 
line, each costing several hundred pounds. 

Variants of ADSL, usually known as Lite 
(ITU G.992.2), cut costs by using simpler 
circuitry and no splitter to separate the 
POTS and DSL signals. This reduces down- 
stream data rates to between 750Kbps and 
1-SMbps, and return rates of 128Kpbs. 
Splitterless Lite modems can be slotted into 
a PC to increase the speed of Internet 
access. In the US, where Lite Internet 
access at 1-SMbps is on offer in major cities 
such as New York and Washington for $50 a 
month, Compaq builds DSL modems into 
its top end PCs in the US. Texas Instruments 
has now announced a Lite modem chip for 
under $10. 

Future systems, High and Very High 
data rate DSL, will use frequencies up to 


spnenctes 


300MHz to give data rates up to 
SOMbps. 


OFTEL'S OPINION 


Oftel warns that if different services use 
different systems, operating at different 
frequencies, there is real risk of crosstalk 
interference between cables that run in the 
same underground ducts. 

Oftel has, however, rejected Option 4, 
which would reduce interference risks by 
letting BT set a standard, and insist that all 
its competitors adopt it if they want to 
share BT’s lines. Instead Oftel recom- 
mends Option 2, which “unbundles”’ BT’s 
network by letting competitors upgrade 
and use whatever technology they like on 
BT’s lines, as long as it meets interference 
criteria to be laid down by Oftel. 

Oftel invites comments on its report by the 
end of September and will then work with 
the Radiocommunications Agency on a 
Spectral Management Plan. BT’s competi- 
tors will be free to use BT lines by July 2001. 

Director General David Edmonds says “I 
am confident that competing operators can 
have direct access to BT’s network by 1 
July 2001. The UK will then have the best 
communications network in the world and 
be the best place to do business electroni- 
cally by 2002”’. 

International market analyst 
Datamonitor predicts that by 2004 one 
fifth of all business will be using DSL lines 
to access the Internet. 


WRITELIGHT 


in the dark. It has two |.e.d.s built around the writing tip. These emit a powerful 
milky-green light that shines onto the writing/reading area. We are told that the 
light does not impair night vision (although amateur astronomers should double- 
check with the suppliers on this point), and that it does not cast a shadow. The 


pen is also water resistant. 


Battery life is said to be up to 15 hours of constant use — longer, of course, for 
intermittent use. The suggested retail price is £9.99 and batteries are included. 

The WriteLIGHT pen is marketed by Innoventions International Ltd., Dept EPE, 
71 Watts Road, Studley, Warks B80 7PU. Tel: 01527 857097. Fax: 01527 853771. 


E-mail: innoventions@lineone.net. 
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BLUETOOTH 












Which devices? 
Which cable connectors? 





ABOUT a year ago, industry leaders Ericsson, IBM, Intel, Nokia and Toshiba 
unveiled their vision of wireless connectivity for personal and business mobile 
devices — Bluetooth. Since then more than 500 companies have joined the 
Bluetooth Special Interest Group and have produced the Bluetooth Specification. 

Bluetooth will enable users to connect a range of computing and telecommunica- 
tions devices easily and simply, without the need to buy, carry or connect cables. 
Bluetooth-enabled products are expected to include mobile computers, handheld 
PCs, digital cellular mobile phones, and peripherals such as cameras, printers, pro- 
jectors, PC Cards and hands-free head-sets. Network access points will also be 
developed to facilitate wireless connection to LANs and WANs (Local/Wide Area 
Networks). Such-equipped devices will be designed to operate globally, regardless 
of where they were purchased. 

The Bluetooth technology aims to make these innovations possible through small 
short-range radio links that operate world-wide in the 2.45GHz band and to link 
devices within a 10-metre radius. Simultaneous voice and data transmission is 
supported. 

The public release of the final Bluetooth specification version 1.0 is scheduled for 
later this year. Products will become available in the first half of year 2000. Adoption 
of the technology is expected to be widespread throughout the computer and 
telecommunications industry. 

For more information, access www.bluetooth.com. The illustration was kindly 






























supplied by Toshiba. 






ON-LINE FOR MOVIE BUFFS| 
By Barry Fox 


THE British Film Institute claims it is first 
in the world to offer the public on-line 
access to film and television archive mate- 
rial. Instead of having to wait weeks to 
book a private viewing of a taped copy, 
film buffs and researchers can now drop 
into centres run by the BFI to search and 
view landmark movies and TV 
programmes, stills, original scripts and 
historical information. 

Movie material from the BFI’s 
archives is being digitised as MPEG-1 
code, streaming at 1-7Mbits/s. This is 
decoded by software running under 
Windows NT on 300MHz Celeron PCs. 
Quality is excellent even when displayed 
on the PC’s full screen area. 

Some material is ideal for split screen 
windowing. When Alfred Hitchcock 

made Blackmail in 1929 he started to 
shoot a silent movie with titles and then 
re-made it with the then-new synchro- 
nised sound system. The BFI has digi- 
tised both versions for Online, along 
with their scripts. So a researcher can 
play both at the same time, while 
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following the script to see how the actors 
handled their parts and lines. 

The BFI currently holds 350,000 films 
and seven million stills in its archive, 
and has so far digitised only a few dozen 
classic movies (including the Four 
Feathers, Red Shoes and_ Black 
Narcissus) and TV programmes (Cathy 
Come Home, the War Game, Blind Date, 
Weekend World and the South Bank 
Show). Because of copyright restrictions 
these cannot be distributed on the open 
Internet but the BFI Online Intranet is 
being piped by 2Mbit/s link to terminals 
at the National Film Theatre on the 
South Bank and the Broadway Media 
Centre in Nottingham. Northern Ireland 
gets a link next year. 

Visitors to the BFI’s library in Central 
London must pay £6 for a library day 
ticket, but NFT access is free. 

BFI Director John Woodward says one 
old lady was quick to exploit the NFT’s 
terminal. She settled down with her knit- 
ting to watch the first ever episode of TV 
series Upstairs Downstairs. 


Wireless For 
The Blind 


THE annual fund-raising event in aid of the . 
British Wireless for the Blind Fund, 
Transmission 99, will be held this year on 
the weekend of 9 and 10 October. As usual, 
it will involve radio amateurs from all over 
the world who want to help blind people. 

BWBE is appealing to all amateur radio 
clubs, their members and individuals to 
take part in Transmission 99. All they need 
to do is sponsor every contact made on air 
during the period of the event. New, spe- 
cially designed QSL cards are available, 
free of charge, for all those taking part. 

Margaret Grainger, Chief Executive of 
the Fund hopes more clubs and individuals 
take part. “For those who cannot see, radio 
provides far more than entertainment, it is 
a vital means of keeping in touch with the 
world. Over the years we have supplied 
more than three-quarters of a million sets 
to blind people.” 

Anyone wanting to join in the fun of 
Transmission 99 should contact BWBF 
at Gabriel House, 34° New Road, 
Chatham, Kent ME4 4QR. Tel: 01634 
832501. Fax: 01634 817485. E-mail: 
Margaret@blind.org.uk. 


Racetrack 
Timing 

THE letter from Frank Korver in Readout 
Sep '99 prompted an RAC representative, 
Mr Bloodworth, to advise us that UK com- 
pany HS Sports Ltd provide computerised 
timing systems based on rechargeable 
coded transponders on each car. We 
obtained their brochure. 

The systems are basically designed for 
use with Karts (Go-Karts some of us 
remember them as — and drove them! ), and 
are used at Karting centres around the 
globe. There are a number of variants but 
all of them have one thing in common, 
they can simultaneously monitor many 
Karts at once, up to 300 with one system, 
and can cope with multiple cars crossing 
the line at one time. 

You may recall that we commented in 
Readout that James Humphris’ Wireless 
Monitoring System of Feb '99 was unable 
to separate simultaneous transmissions 
from two or more sources. The Stopwatch 
design published in this November issue 
can monitor two sources. 

Frank Korver is involved in Stock Car 
racing and said that these can pass by at 
100km/hr, a speed which should be no 
problem for the Kart timing system to 
keep track of, being capable of typically 
handling speeds of 70mph for one system, 
to 100mph for another (112-160km/hr). 

The quoted prices of the systems range 
from £3,950 (10 transponders) to over 
£40,000 (300 transponders). 

For more information contact HS Sports 
Ltd., Dept EPE, Unit 5, Radnor Park 
Industrial Estate, Congleton, Cheshire 
CW12 4XN. Tel: 01260 275708. Fax: 01260 
278352. They also supply other systems, 
including one for F1 cars. 

E-mail: hssl@congleton.onyxnet.co.uk. 
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BLUMLEIN BOOK 


The Inventor of Stereo — The Life and Works of 
Alan Dower Blumlein 
By Robert Charles Alexander. 







Regular EPE readers will know something of Alan Dower Blumlein from our 
articles back in September ‘91 and June ‘99. This excellent well researched 
book by Rob Alexander should put Blumlein’s name firmly up there with Edison 
and Faraday. 

It is not always an easy read because of all the technical information it pre- 
sents but the book does describe in some depth Blumlein’s 1931 invention of 
binaural recording (now known as stereo), the development of the 405 line tele- 
vision system in the mid 1930’s — which was used more or less unaltered in 
specification until the eighties — and the development of the H2S radar system 
during the war. It was while testing airborn radar that Blumlein lost his life, along 
with several other members of the development team from EMI, in a tragic 
plane crash. The reasons behind the crash are also explained. 

This virtually unknown UK inventor lived for just 38 years and instigated 128 
patents in that time. Fascinating man, fascinating inventions, fascinating story 
behind the 30 year wait for a biography. We recommend you read it — our con- 
gratulations to Rob Alexander. 

The book costs £29.99 in hardback form and is now available through the 
EPE Direct Book Service, order code NE32, see page 849 for ordering details. 

There are also several complimentary websites set up to coincide with the 
book launch. The main site includes unique information which could not be 
included in the book, the 1930s binaural films and audio recordings, and all 128 




























patents published in full for the first time: www.gedas.co.uk/blumlein. 


PROSPICE LITE 


LABCENTER Electronics have upgraded 
their shareware CAD software, PROTEUS 
Lite, to version 4.7, and also added a 
shareware version of their circuit simula- 
tor, PROSPICE. 

PROSPICE Lite is aimed squarely at the 
educational market and uses animation 
rather than traditional graphs or virtual 
instruments to show the operation of the 
circuit. In addition, voltage can be indicat- 
ed by the colour of wires, and current by 
the presence and direction of arrows. 

The simulator is supplied with a set of 
over 60 samples which cover topics from 
basic electricity through to simple 
electronics. The sample circuits are pro- 
vided as a freeware educational 
resource; registration of the software 


‘ enables users to create their own circuits 


from a schematic library of over 6000 


real-world components. Comprehensive 
coverage of 7400 and 4000 logic series 
is included. 

Uniquely, it is also possible to create 
your own animated models with the pack- 
age so that animated circuits are not 
restricted to a hard coded set of devices. 
Supplied animated parts include bulbs, 
switches, buttons, pots, motors, fuses, 
l.e.d.s, 7-segment displays, and more. 

Registration of ISIS Lite (the schematic 
capture module) costs £20 and registration 
of the simulator costs a further £10. 

Further information and downloads are 
available from Labcenter’s website: 
www.labcenter.co.uk. The company can 
also be contacted at Dept EPE, 53-55 
Main Street, Grassington, North Yorks 
BD23 SAA. Tel: 01756 753440. Fax: 
01756 752857. 
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DX-BANDS 


JULY saw the launch of a comprehensive 
Amateur Radio Portal on the Web: 
dxbands.com is designed for amateur 
radio enthusiasts around the world and 
gives them the opportunity to find up-to- 
the-moment amateur radio news, details, 
dx-peditions, contests and page-upon-page 
of ham radio links. 

The site includes a unique “dx-diary” 
which, month by month, lists dx-pedi- 
tions large and small world-wide. It 
itemises the dates of each event, togeth- 
er with details of the QSL manager, and 
other information. Updated each day 
with the latest amateur radio news, this 
site is expected to become an important 
online resource. 

Browse http://www.dxbands.com (or 
E-mail news@dxbands.com) and find out 
for yourself. 


Voice Control 


NATIONAL Semiconductor Corporation 
and Lernout & Hauspie Speech Products 
N.V. have announced they have a signed 
an agreement to support and accelerate 
advanced speech processing technology 
in the emerging information appliance 
market. 

The two companies will jointly develop 
new uses and applications for L&H’s auto- 
matic speech recognition (ASR), text-to- 
speech (TTS) and speech compression 
technologies. They plan to enable voice- 
activated computing on a variety of next- 
generation consumer electronics devices, 
such as personal Internet access devices 
like National’s WebPAD, automobile PCs, 
handheld devices and other emerging 
information appliances. 

“The voice is the ideal human interface, 
and soon it will no longer be necessary for 
us to modify our natural behaviours in 
order to communicate with machines,” 
said Brian Halla, CEO and Chairman of 
National Semiconductor. “Children born 
today might never need to use a keyboard 
in their lives.” 

More information can be found via 
www.national.com and www.lhs.com. 


Mobiles Help Jams 


MORE than 11500 calls for traffic and 
travel information are made every day 
using the mobile phone network, advises 
a press release from the RAC. This fig- 
ure, totalling a massive 4-2 million calls 
every year, is set to more than double 
over the next twelve months. 

The revenue that such a quantity of 
calls from motorists who wish to plan 
their journeys and make the most of 
dynamic traffic information as they trav- 
el must be astronomical. Isn’t it time 
that users benefitted from this high sys- 
tem usage by seeing lower call prices, 
which typically cost between 39p and 
60p a minute? Shouldn’t the RAC, and 
the AA, be campaigning for call charge 
reductions when accessing traffic infor- 
mation that could potentially help so 
many motorists? 
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Constructional Project 





VIBRALARM 


TERRY de VAUX-BALBIRNIE == 


A multi-purpose vibration-triggered 
alarm with remarkable sensitivity. 





HIS circuit will sound a loud warn- 

} ing when a sensor is subjected to 

shock or vibration. One application 
would be to attach the sensor to a win- 
dow. If an attempt was made to enter the 
house by breaking the glass, the alarm 
would be triggered. 

Readers will no doubt find other possi- 
ble uses, such as for protecting personal 
belongings, perhaps. Note, however, that 
simply moving the sensor will not 
operate it. , 

The sensitivity of the circuit is 
adjustable and can be set to suit the 
application. To get an idea of the sensi- 
tivity, with the prototype sensor attached 
to a wooden table, putting a coffee cup 
down about 1m (3ft) away triggered it. 


VIBRALARM 
OVERVIEW 


The Vibralarm comprises two parts. The 
first is the sensor itself mounted in a small 
plastic case. The main unit is housed in a 
larger plastic case (see photographs). The 
two sections are interconnected using a 
short piece of light-duty screened wire. 

Inside the main unit is the circuit 
panel, the battery pack and a loud “‘yelp- 
ing’’ car-type alarm siren. On top, there 
is a key-operated switch which may be 
used to switch the unit off or cancel oper- 
ation before the natural time-out period. 
Of course, an ordinary switch could be 
used with a corresponding reduction in 
security. 
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The operating time is adjustable from 
about one second (which will be found 
useful for testing) to two minutes. This 
could be easily extended if required. 

The circuit requires about 250pA on 
standby. While actually operating, it draws 
a current which depends on the type of 
sounder used (in the prototype it was 
150mA). The prototype unit was powered 
using a pack of eight AA-size alkaline cells. 
In normal use these will last for up to a year. 


BI-MORPH ELEMENT 


The sensor consists of a bi-morph (2- 
layer) element, which is a strip of piezo- 
electric material 15mm long, 1-S5mm 
wide and 0-6mm thick. Its simplified 
operation is illustrated in Fig.la, which 
shows an ordinary wooden ruler. 
Normally, this is not under any stress. 


However, if it is bent as shown in’ 


Fig.1b, the lower surface will now be in 
compression (the distance between the 
molecules slightly reduced) and the 
upper one under tension (the distance 
between the molecules increased). 
When a bi-morph element is bent, 
opposite charges are developed on the 


surfaces which are under compression - 


and tension due to the piezo-electric 
effect. This means that a voltage differ- 
ence appears between them. A current 
would flow if there was a conducting 
path between the surfaces but the charges 
would soon neutralise so this would 
occur only briefly. 





WHAT’S THE 
DIFFERENCE? 


With the piezo ceramic material used 
here, the voltage difference is significant 
even with a small amount of bending. 
When the bi-morph element is subjected 
to shock, the upper and lower surfaces 
alternate briefly between compression 
and tension and the polarity of the volt- — 
age will keep changing. In other words, 
an alternating voltage is produced at a 
frequency equal to that of the vibration. 

Bi-morphs were once used in the crys- 
tal-type of record pick-up but, although 
still sometimes used, they are not seen 
much now. In these pick-ups, the strip is 


WOODEN RULER 


SIDE IN TENSION 





SIDE IN COMPRESSION 


Fig.1. Simplified analogy using a 
wooden ruler to demonstrate the oper- 
ation of the bi-morph element. 


vibrated by the stylus running in the | 
groove on the surface of the record. 

An a.c. output is therefore obtained 
proportional to the frequency of the 
sound (assuming the record is turning at 
the correct speed) and roughly propor- 
tional to its amplitude. The signal is then 
amplified and fed to a loudspeaker. 


CIRCUIT DESCRIPTION 


The full circuit diagram for the 
Vibralarm is shown in Fig.2. The bi- 
morph element is labelled X1. The nomi- 
nal 12V battery supply is applied to the 
circuit via key-operated (or other) switch 
S1, and diode D3. The diode prevents pos- 
sible damage if the supply were to be con- 
nected in the wrong way since it would 
fail to conduct and nothing would happen. 

Any voltage appearing across the bi- 
morph element is applied to the inverting 
input (pin 2) of operation amplifier 
(op.amp), IC1. The network consisting of 
capacitor C1 and resistor R2 is also con- 
nected between this point and the 0V 
line. These components help to prevent 
high-frequency oscillation and give a 
damping effect for the bi-morph element. 

Since the impedance of the bi-morph 
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is very high, the value of R2 must 
accordingly be extremely high or it 
would cause excessive damping. The val- 
ues shown worked well. However, this 
could be the subject of experiment once 
the project has been constructed. 

The op.amp non-inverting input (pin 
3) is connected to the sliding contact 
(wiper) of preset potentiometer VR1. Its 
track (outer) connections are connected 
across Zener diode D1, which operates in 
conjunction with series resistor R1 to 


provide a fixed-voltage supply. The 


| BLMORPH 
_|(SEE TEXT) 


voltage appearing at IC] pin 3 may 
therefore be adjusted between zero and 


- the Zener breakdown voltage. 


ZENER VOLTAGE 


It is necessary to provide a stable volt- 
age here because if it was derived from 
the supply direct, it would fall as the bat- 
tery aged. Since the voltage appearing 
across the bi-morph element is indepen- 
dent of the supply voltage, the operating 
characteristics of the circuit would 
change as the batteries ran down. The 
exact value of the Zener voltage is not 
important but it should be close to the 
range of specified values. 

It will be noted that the value of R1 is 
relatively high. With a supply of 12V it 
allows less than 90pA to flow through the 
Zener diode and this will fall as the bat- 
tery ages. The current diverted via VR1 is 
negligible. Using such a small current 
here reduces the requirement of the cir- 
cuit as a whole. When using the specified 
Zener diode (which has been designed for 
low-current, low-power and low noise 
applications) there will be no problems. 

However, if using a different type of 
Zener, it might not stabilise and it may be 


Mecessary to increase the current. 


Readers using a different Zener will need 
to check the stabilisation and reduce the 
value of R1 if necessary. This procedure 
is explained at the setting-up stage. 


NO VIBRATION 


Imagine that preset VR1 is adjusted so 
that 1V appears at IC1 pin 3. In the 
absence of any vibration of the bi-morph, 
there will be no voltage across it and the 





Fig.2. Comp 





voltage at the non-inverting input (pin 3) 
will exceed that at the inverting one (pin 
2). The output, pin 6, will therefore be 
high (close to the positive supply 
voltage) and when applied to timer [C2 
trigger input (pin 2) there will be no 
further effect. This is because a low state 
is needed to trigger this type of device. 


IN SHOCK 


When the bi-morph element X1 is 
subjected to shock, an alternating 


voltage appears across it having a peak- 


lete circuit diagram for the vibration-triggered Vibralarm. 


to-peak value relative to the impact 
strength. Within limits, the negative 
excursions have no effect. However, 
they can cause the inverting input to 
swing below the voltage of the OV rail 
and this could damage the i.c. if high 
enough. There were no problems with 
the prototype, though, even under heavy 
shock. 

Depending on the adjustment of VR1, 
the positive peaks will exceed the voltage 
at IC1 pin 3. Each time this happens, the 
op.amp output (pin 6) will go low instan- 
taneously. The first peak arriving at [C2 
pin 2 will trigger it and a timing cycle 
will begin. Further trigger pulses applied 
during this period will have no effect. 
However, any arriving afterwards will 
start the timing once again. 

While timing, [C2 output pin 3 goes 
high and allows current to flow into the 
base of Darlington transistor TR1, via 
current-limiting resistor R5. Sounder 
WD1 then operates due to current flow- 
ing in the collector circuit. 

Light-emitting diode D2 is also 
turned on at this time, with its current 
limited to about 15mA by resistor R6. 
The l.e.d. will be useful to check the 
circuit and adjust the time-out period 
before the sounder is connected. 


SENSITIVITY 


The sensitivity of the circuit may be 
adjusted at the end by means of VR1. 
With this set to a little above zero volts, 
the circuit will be triggered with a rel- 
atively small amount: of vibration. 
However, if it is adjusted to a higher 
value, an increasingly high output from 
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the bi-morph is needed to trigger it. 

The timing period depends on the 
value of capacitor C2, resistor R3 and 
preset VR2. With the values specified, 
this will be about one second (with 
VR1 at minimum) and two minutes 
(when at maximum). If the timing 
needs to be extended, the easiest way 
would be to increase the value of C2 in 
proportion. 

When the supply is_ connected, 
capacitor C3 maintains [C2’s reset 
input (pin 4) in a low state for a short 





time until the capacitor has charged 
sufficiently through R4, so disabling 
the i.c. from responding to any trigger 
pulses. After that, pin 4 goes high and 
the device is enabled. This prevents 
any tendency for the circuit to self-trig- 
ger on powering-up. 

Darlington transistor TR1 could 
operate a sounder of up to 500mA rat- 
ing but this would place an unneces- 
sary load on the battery. Very loud 
devices are available with a current 
requirement much smaller than this 
(say 150mA) and one of these was used 
in the prototype. 


CONSTRUCTION 


On no account experiment by bend- 
ing the bi-morph element with the fin- 
gers. Anything more than a minute 
movement is likely to destroy it. Also, 
take extreme care when handling the 
end wires because they are easily 
broken off. 





Close-up of the bi-morph element 
mounted on its p.c.b. 
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Layout of components on the finished printed circuit board. 


All the components, apart from the 
sounder, on-off switch, battery pack and 
bi-morph element are mounted on the 
printed circuit board (p.c.b.) whose com- 
ponent layout and full-size copper foil 
master are shown in Fig.3. This board is 
available from the EPE PCB Service, 
code 230. 

Supplied attached to the main board is a 
smaller section on which the sensor is to 
be mounted separately. Begin construc- 
tion by carefully separating the two p.c.b. 
sections, using a small hacksaw. Then 
drill the three marked mounting holes in 
the main board, and a mounting hole in a 
suitable place on the small board. 

Referring to the main board, solder the 
link wire in position and follow with the 
i.c. sockets (but do not insert the i.c.s yet) 
all resistors (including the presets) and 
capacitors (except C2). Next mount 
diode D3, Zener diode D1, l.e.d. D2 and 
capacitor C2, taking care to solder these 
components the correct way round. 

Referring to the wiring diagram in 
Fig.4, connect up the power supply. It 
will be kinder on the ears if you do not 
connect the sounder yet, but when you 
do, connect it via a piece of 2A screw ter- 
minal block to prevent the WD1 wires 
from short-circuiting. 

Adjust VR1 fully anti-clockwise, then 
slightly clockwise (as viewed from the 
bottom edge of the p.c.b.) and VR2 fully 
clockwise (as viewed from the right-hand 
edge of the p.c.b.) for minimum timing. 





The bi-morph board installed in a small plastic case. as 
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Fig.3. Vibralarm printed circuit board 
component layout, foil master and 
sensor board master. 


SENSOR UNIT 

Solder the bi-morph to the small board 
and reinforce its physical stability by 
using a little quick-setting epoxy resin 
adhesive. The blob of adhesive should be 
thick enough to allow the other end of the 
bi-morph to remain clear of the board by 
a millimetre or so. 

This will allow it to bend 
slightly when the mounting 
board is subjected to shock. 
If necessary, use a piece of 
thin cardboard underneath 
the free end to hold it in 
position until the adhesive 
has thoroughly hardened. 

Decide on the length of 
wire needed between the 
sensor and the main unit. 
Pieces up to five metres long 
were tested and worked 
well. However, very long 
runs will introduce prob- 
lems of interference pick-up 
and poor sensitivity. 

Use light-duty single 
(mono) screened wire (such 
microphone cable). 











































Resistors 


R1 68k 

R2 100M cermet film 

R3, R5 10k (2 off) 

R4 1M See 

R6 6802 SFO 


All 0:25W 5% carbon film, 
except R2. TALK 
Potentiometers page 


VR1 10M sub min. preset, 
vertical 

VR2 1M sub min. preset, 
vertical 

Capacitors 

C1 100p polystyrene. 

C2 100u radial elect. 16V 

C3 47n metallised polyester, 


5mm pin spacing 






Semiconductors 
D1 5V9 to 6V2 400mW Zener 


diode, Philips 
PLVA459A or 
PLVA462A (see text) 

D2 red |.e.d., 3mm 

D3 1N4001 50V 1A rectifier 
diode 

TR1 MPSA14 npn Darlington 
transistor 

IC1 7611 micropower 
op.amp 

IC2 7555IPA low power timer 






Miscellaneous 


X1 bi-morph element 

WD1 min. alarm sounder, 12V, 
150mA (110dB at 1m 
output) 

S1 S.p.s.t. switch (toggle or 
key-operated) 

B1 alkaline AA-size cell (8 
off), with holder and 


connector 






Printed circuit board, available from 
the EPE PCB Service code 230; 8-pin 
d.i.l. socket (2 off); 2A terminal block; 
plastic case, 158mmx95mmx54mm 
(external) for main unit; plastic case, 
50mm x37mm x24mm (external) for sen- 
sor; light-duty single screened wire; 
small clamps or cable ties (2 off); con- 


necting wire; solder, etc. 


Vole) ge) mm Orelt i 


Guidance Only 
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| (6x AA CELLS) 


Ordinary wire is not satisfactory because 
it allows the pick-up of random signals, 
including a.c. mains “hum”’. This could 
cause false triggering. 

A small plastic box is used to house 
the sensor, and it is worth mounting the 
sensor in this now before moving on fur- 


ther. Mark the mounting hole on the base > 


and drill this through. Note that the bolt 
which will be used to attach it will need 
to have a countersunk head. This will 
allow the bottom of the box to make 
good contact with the surface on which it 
will be used. 

Drill a hole in one side of the case for 
the connecting cable. Pass this through 
and apply a small clamp or tight cable tie 
a short distance from the end (see photo- 
graph). Allow enough cable to reach the 
sensor pads plus a little slack. Pull on the 
cable to make sure it is secure and tight- 
en the tie if necessary. 

Solder the cable wires to the pads on 
the sensor p.c.b. with the screening con- 
nected to the large “land” area. Separate 
the joints to prevent short-circuits and 
secure them in place using a little quick- 
setting epoxy-resin adhesive. 

Attach the sensor board to the bottom 
of the box using a small nut and bolt with 
a short plastic spacer. 


VOLTAGE STABILITY 


As stated earlier, for any Zener diode 
other than the specified unit, it will be 
necessary to check the voltage stability. It 
will be convenient to do this work before 
the i.c.s are inserted into their sockets. 

You will need a digital voltmeter (this 
will generally have an input impedance of 
10MQ or more, which will be satisfacto- 
ry). You will also need two sets of batter- 
ies — one new and the other run down so 
that the terminal voltage is about 9V or 
10V. Of course, you could also use a suit- 
able bench power supply unit. 

With the new set of batteries installed, 
switch on. Apply the meter probes to the 
outer tags of VR1 and note the voltage. 
This should be close to the stated Zener 
breakdown voltage. Now use the run- 
down batteries or a 9V supply from the 
PSU. Note the meter reading once again. 

The second voltage reading should be 
the same or only slightly lower than the 
first — less than 0-05V difference. The 


Fig.4. Interwiring between the circuit board and the 
off-board components, including the bi-morph board. 


stabilisation 
aspect is not 
very critical 
and the circuit 
should work 
well even with 
a difference of 
0-1V. 

However, if it 
is much more 





MAIN CASING 


Prepare the main-unit case by mark- 
ing the mounting holes and drilling 
them through. Drill holes also for the 
sounder, the key-operated switch and 
for the sensor lead which will pass 
through. Drill holes (if necessary) to 
enable the presets to be adjusted from 
the outside using a thin screwdriver or 
trimming tool. Pass the sensor lead 






than this, re- Layout of components in the main unit. Note the siren sound exit 
duce the value hole, 2-way terminal block and battery holder. 


of R1 until the 

criterion above is met. It is thought that a 
value as low as 33kQ would be accept- 
able (about 180pA at 12V) but it would 
increase the current requirement of the 
circuit to about 350pA and this would 
have an effect on battery life. 


FINAL TESTS 


It would now be a good idea to test the 
circuit as a whole before mounting the 
main p.c.b. in its box. Referring to Fig.4, 
connect the sensor cable wires temporar- 
ily to the board as shown. Still leave the 
sounder unconnected. Insert the i.c.s into 
their sockets. It is possible to damage 
these devices with static charge which 
might exist on your body so, as a precau- 
tion, touch something which is earthed 
(such as a water tap) immediately before 
handling the pins. 

Attach the sensor unit to the work sur- 
face temporarily using Blu-Tack. Insert 
the (good) cells into their holder and 
switch on. The l.e.d. should remain off. 

Drop a pen on the table — the circuit 
should trigger and the l.e.d. come on for 
one second or so: If this does not work, 
make the circuit more sensitive by 
adjusting VR1 slightly anti-clockwise (as 
viewed from the lower edge of the 
p.c.b.). Note, however, that if this is over- 
done, the circuit may remain triggered. 
Do not move the bi-morph element by 
hand or subject it to violent shock. — 

The current requirement of the circuit 
rises above the normal value when set to 
a short time period — about 1mA in the 
prototype. For this reason, when testing is 
complete, adjust VR2 to about mid-track 
position (giving a timing of about one 
minute). Observing the anti-static precau- 
tions as before, remove the i.c.s and de- 
solder the sensor wires from the p.c.b. 
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through its hole and apply a clamp or 
cable tie as in the sensor. Check that it is 
secure. 

Solder the wires back on to the p.c.b. 
pads and, observing the anti-static precau- 
tions, insert the i.c.s into their sockets 
again. Mount the p.c.b. using plastic spac- 
ers on the bolt shanks. Attach the sounder 
noting that the hole must not be obstruct- 
ed in any way to allow as much as possi- 
ble of the sound to emerge. However, for 
testing, it would be wise to tape over the 
hole temporarily to reduce the sound out- 
put because it will be very loud. 

Again refer to Fig.4. Connect the 
sounder wires to the screw terminal 
block observing the polarity. Attach the 
battery pack by means of a small bracket 
or another method of your choice. Make 
final tests and adjust VR2 to the required 
time period. 

Attach self-adhesive plastic feet to the 
base to prevent scratching the work sur- 
face. Experiment to find the best position 
for the sensor attaching it temporarily 
using Blu-Tack. Note, however, that if it 
is placed too close to the main unit or 
mounted on the same surface, the sound 
from the audible warning device reach- 
ing it may be sufficient to keep the alarm 
triggered. This will be evident if the 
circuit fails to time-out. 

When satisfied, glue the sensor unit in 
position. Obviously, if the sensor is sub- 
jected to a very violent shock, such as 
with shattering glass, it could be dam- 
aged, but this seems a small price to pay 
for security. 

If using the Vibralarm as part of an 
intruder deterrent system, ensure that its 
sensitivity is suitably adjusted to prevent 
accidental triggering by, for example, the 
window cleaner, or thunder! 
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Our regular round-up of readers’ own circuits. We pay 
between £10 and £50 for all material published, depending 
on length and technical merit. We're looking for novel 
@} applications and circuit tips, not simply mechanical or 

2) electrical ideas. Ideas must be the reader's own work and 
4¢/ not have been submitted for publication elsewhere. 
The circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for 
consideration in this column should preferably be typed or 
word-processed, with a brief circuit description (between 
100 and 500 words maximum) and full circuit diagram 
showing all relevant component values. Please draw all 
circuit schematics as clearly as possible. 

Send your circuit ideas to: Alan Winstanley, /ngenuity 
Unlimited, Wimborne Publishing Ltd., Allen House, East 


Borough, Wimborne, Dorset BS21 1PF. 





They could earn you some real cash and a prize! 


One-Volt L.E.D. - A i3rigiat Ligiat 


LLUMINATING an l.e.d. from a very low sup- 

ply voltage is difficult as most devices have 
a forward drop of at least 1-8V. This excludes 
their use in products operating from a single 
1-2V or 1-5V battery. However, by applying 
techniques used in d.c.-to-d.c. converters, a 
very compact, economical and efficient solu- 
tion can be produced. The circuit diagrams 
shown in Fig.la to Fig.1c will brightly illu- 
minate an l.e.d. from a supply as low as 
750mV and as high as 1-5V, i.e., most single 
cell batteries available including nearly dead 
ones. 

In the Micro-torch circuit Fig.la, transistor 
TR1, transformer T1 and resistor R1 form a 
current-controlled switching oscillator. Each 
time TR1 turns off, the collapsing magnetic 
field in T1 generates a 30V (off-load) positive 
pulse at TR1’s collector (c). This, in series 
with the supply, is fed directly to the l.e.d. 

Switching occurs at a very high frequency 
and with a low duty cycle which results in an 
average l.e.d. current of about 18mA, suffi- 
cient to illuminate most I.e.d.s. Current, and 
therefore brilliance, can be increased by 
reducing the value of resistor R1 and vice 
versa. A value of 2 kilohms produces 30mA 


@ = START OF WINDING 


1 
MICRO-TOROID 
(SEE TEXT) 


which is more than enough even for hyper- 
bright devices. 

Conversion efficiency depends on transis- 
tor TR1. Although any transistor can be used, 
high performance devices with very low 
VcgsaT) yield the best results; for the 
ZTX450, efficiency is 73 per cent. A ZTX650 
increases it to 79 per cent whilst a BC550 
reduces efficiency to 57 per cent. Even at this 
value it still out-performs conventional cir- 
cuits using higher voltage supplies where 
efficiency rarely exceeds 50 per cent. 

A micro-toroid centre tapped transformer, 
T1, is constructed using an anti-parasitic bead 
6mm by 4mm in diameter with a 2mm hole. 
Fold 90cm of 38s.w.g. enamelled copper wire 
in half, press the crease tightly together and 
then thread the folded wire repeatedly 
through the bead hole until 20 turns are 
wound. Trim protruding wires to 25mm. 

The bead now contains two sets of 20 turns 
with two starts at one extremity and two ends 
at the other. Join an appropriate start and end 
together to form the tap (CT). If the circuit 
fails to oscillate, check the tap is correctly 
formed; otherwise, it’s most likely a shorted 
tum. 






WIN A PICO PC BASED 


OSCILLOSCOPE 
@ 50MSPS Dual Channel Storage Oscilloscope 
@ 25MHz Spectrum Analyser 
@ Multimeter @ Frequency Meter 
@ Signal Generator 
If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 
PC based oscilloscope could be yours. 
Every six months, Pico Technology will be 
awarding an ADC200-50 digital storage 
oscilloscope for the best IU submission. In 
addition, two single channel ADC-40s will be 
presented to the runners-up. 
















The simplest application, Fig.la is a 
Micro-torch, power-on indicator or simple 
infrared transmitter. Indicators for use with 
other circuits are shown in Fig.1b and Fig. Ic, 
the latter consuming no power when off. 
Diode D2 in Fig.1c raises the forward drop as 
some l.e.d.s leak when operated with a fresh 
alkaline battery; it is also necessary with 
infrared devices that have a forward drop of 
less than 1-5V. 

_When used with other circuits, decoupling 
with capacitor Cl in close proximity to the 
oscillator is recommended. Also keep lead 
lengths short, especially to the transformer, as 
the circuit operates at a high frequency; 
fortunately using a micro-toroid transformer 
significantly reduces radiation. 

Z. Kaparnik, 
Swindon, Wilts. 


BE INTERACTIVE 


IU is your forum where you can 


offer others readers the benefit of 
your Ingenuity. Share those ideas, 
earn some cash and possibly a prize! 
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T1 
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(SEE TEXT) 





11 
MICRO-TOROID 
(SEE TEXT) 


Fig.1. Three drive circuits for operating |.e.d.s from supply voltages below 1-5V. 
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1 channel version, normally — £183.83 Introductory price £149.00 inc vat, del & lyr guarantee 
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VANN DRAPER ELECTRONICS LTD 
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Home page www.vanndraper.co.uk 
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e 20MHz bandwidth real time oscilloscope 

% 40Ms/s digital oscilloscope 

e 20MHz spectrum analyser 

s Signal registration/data logger (1s-999hrs) 

& Voltmeter 

# 16-bit for Windows 3.1, 32-bit for 95, 98 or NT 

> Simple installation of ISA bus card 

a Remote control over a TCP network (LAN/ 

4 WAN/Internet) with multi client capability 

& DLL (32-bit), Active X, LabWindows/view 

TECHNICAL SPECIFICATIONS Signal registrator/data logger 

Oscilloscope 6 1 or 2 channels 

, 20MHz bandwidth, 40Ms/s é Le wishapad—tol 1 sec to 999 hours 

8 1 or 2 input channels plus external trigger i “ner - a ors 

4 Vertical — 20mV/div to 50V/div 

4 Horizontal — 100ms/div to 50ns/div Voltmeter 

4 Horizontal & vertical cursors ¢ 1 or 2 channels — 

é Readout of amplitude and frequency/time ¢ Auto/manual ranging from 800mV to 200V 

$ Readout of trigger level ¢ AC or DC ranges 

& Auto, Normal & Single triggering General 

é X/Y mode 3 Paste waveforms/data to other packages 
Spectrum analyser 7 Save waveforms for comparison 

4 20MHz bandwidth, 40Ms/s $ Save instrument set ups/configurations 

& Selectable between 19-5kHz and 20MHz System requirements 

§ 1 or 2 input channels plus external trigger é 16-bit, min 386, 1Mb ram (oscilloscope only) 
$ Frequency resolution 2Hz é 32-bit, min Pentium 200MHz, 32Mb ram 

é Readouts of centre frequency and markers ¢ One free ISA expansion card 

& Readouts of amplitude é Windows 3.1, 95, 98 or NT 

7 Use this coupon for your order 1 
or phone, fax or E-mail quoting EPE 
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Most text books deal with oscillators in a theoretical way. This series, prepared with the 
electronics enthusiast and experimenter very much in mind, is intensely practical. Tried and 
tested circuits are fleshed out with component values, and their vices and virtues are exposed. 


PART FIVE — CRYSTAL AND CRYSTAL CONTROLLED OSCILLATORS 


tuned circuits formed by inductors and capacitors (L/C) to 

determine the operating frequency. Oscillators of this kind 
can be tuned over a wide frequency range and, with appropriate cir- 
cuitry, deliver a sinusoidal waveform of good purity. Their only 
drawback is frequency drift, which becomes an increasing problem 
above 5MHz or so. 

This month crystal and crystal controlled oscillators (XQs), 
which display a very high degree of frequency stability will be con- 
sidered. Although some circuits permit the operating frequency to 
be “pulled” over a very narrow bandwidth (VXOs — variable crystal 
oscillators), crystal oscillators cannot be tuned as broadly as L/C 
oscillators: they are essentially spot-frequency signal generators. 


BRIEF HISTORY 


Many types of crystal, but particularly Rochelle salt and quartz, 
develop an electrical charge across opposite faces when they are 
distorted by mechanical stress. Changing the stress from pressure to 
tension reverses the polarity of the charge. 

The phenomenon was called piezoelectricity (electricity through 
pressure) by Jacques and Pierre Curie who discovered it in 1880. A 
year later they demonstrated the converse: that stress could be set up 
in certain crystals by applying an electrical potential. 

The effect remained a scientific curiosity until the First World 
War when a French scientist, Langevin, used it to detect acoustic 
waves produced by submarines. Spurred on by the developing radio 
industry, research was also taking place into the use of crystals for 
frequency control. In 1921, Professor W. G. Cady of the American 
Wesleyan University applied two pairs of terminals to a quartz crys- 
tal, connected it in the feedback path of a three valve amplifier, and 
discovered its remarkable frequency stabilising action. 

He demonstrated his circuits to Professor G. W. Pierce of 
Harvard University in January 1923. Within a few months Pierce 
had developed an improved version, simplified by the use of a two 
terminal crystal, and his oscillator is still widely used today. 


FREQUENCY RANGE 


Crystal units can be produced to resonate at fundamental fre- 
quencies from 1kHz to above 100MHz, but range extremes are 
expensive and not readily available. Most retailers usually stock 
fundamental mode crystals with frequencies from 1MHz to 20MHz, 
and some carry a range extending from 32kHz to 30MHz. 

Frequencies in excess of 2OMHz are often generated by a crystal 
designed to resonate at an overtone frequency, usually the third or 
fifth harmonic of its fundamental: e.g., a crystal for 27MHz would 
have a fundamental of 9MHz. (Accuracy, particularly at frequencies 
in excess of 30MHz or so, is easier and cheaper to achieve in this 
way). 


pis. articles have described oscillators which rely upon 
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FREQUENCY OF OSCILLATION 


Appropriate circuitry must be used or the frequency of an oscil- 
lator may differ slightly from that stamped by the manufacturer on 
the crystal case. It will, however, always be quite close, and where 
stability rather than absolute precision is the overriding considera- 
tion, this aspect of the technology can be ignored. 

Departures from the quoted frequency of the crystal are caused 
by two factors. First, a crystal unit has two natural resonances. 
Second, its frequency can be shifted, or “pulled”’, by external reac- 
tances (inductance, L, or capacitance, C). 

The lower of the two natural resonances occurs when the crystal 
is Operating as a series tuned circuit. Its impedance is then at its 
lowest. The higher resonant frequency, also called the anti-reso- 
nance, is caused by the tuning effect of the “capacitor” formed by 
the crystal’s electrodes, plus any stray circuit capacitance. Together 
with the inductive reactance of the crystal, this forms a parallel 
tuned circuit with a very high impedance. 

The spacing between these two resonances, sometimes called the 
crystal bandwidth, being dependant upon electrode and stray capac- 
itances, is subject to variation. Usually, however, it is between 0-05 
per cent and 0-1 per cent of the stated frequency. 


LOADING UP 


Most crystals are intended for operation in the parallel mode, and 
the manufacturers quote a loading capacitor value (usually 30pF) 
which must be connected to ensure oscillation at the stated fre- 
quency. In practice, this loading capacitor, or part of it, often com- 
prises a trimmer capacitor which can be adjusted to compensate for 
stray circuit capacitance and set the frequency of oscillation very 
precisely. Crystals cut to give the specified frequency when con- 
nected in the series mode, i.e., used as series tuned circuits, do not 
require a loading capacitor. 

It should be noted that the mode of operation is determined by the 
external circuitry. Any crystal unit will oscillate at its resonant and 
at its slightly higher anti-resonant frequency. 


CRYSTAL MANUFACTURE 


Quartz is a crystalline form of silicon dioxide (SiOz). When the 
technology was in its infancy, resonators were cut from naturally 
occurring crystals, but the use of synthetic quartz is now almost 
universal. 

Unique characteristics, coupled with low manufacturing costs, have 
brought about the widespread use of quartz crystals in clocks, watch- 
es, computers, navigation systems, and every item of equipment 
where a precise, drift-free, spot-frequency generator is required. 

Demand for crystal units is so great that the world-wide manu- 
facture of synthetic quartz now exceeds 2000 tons per year. 
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We come now to the second factor influencing the frequency of 
oscillation: external reactances. Capacitance placed in series with 
the crystal will raise its frequency of oscillation; capacitance wired 
in parallel will lower it. Series resonant crystals (where there is no 
external parallel capacitor) can have their frequency lowered by 
means of a series connected inductor. 


PULLING POWER 


Just as external reactances can be connected to set the crystal to 
its correct operating frequency, they can also be used to “pull’’ it 
over a narrow band of frequencies. An oscillator configured in this 
way is known as a variable crystal oscillator (VXO). 

How much the crystal can be “pulled” is determined by its 
mechanical springiness. Although crystals can be manufactured 
with a high degree of “springiness’’, it should be noted that the 
amount of pulling is, at best, limited to a very small percentage 
(around 0-15) of the crystal’s resonant frequency, and this percent- 
age tends to reduce as the operating frequency decreases. 

Units designed to resonate at an overtone resist “pulling”’ at the 
overtone frequency because stiffness increases rapidly with over- 
tone number. They are, however, often particularly responsive at 
their fundamental frequency. 


FREQUENCY DRIFT 


Simple oscillators in which resistors and capacitors (R/C) are 
used as the frequency determining components can achieve a fre- 
quency stability of around one part per thousand. When tuned cir- 
cuits comprising inductors and capacitors (L/C) fix the frequency, 
stability is usually of the order of one part per ten thousand. 


QUARTZ CRYSTAL UNITS 


Mechanical stresses are induced in a slice of quartz when a 
voltage is applied across its opposite faces. An alternating voltage 
of the correct frequency will make it vibrate or resonate in the 
same way that a violin string resonates. Resonant frequency is 
determined by the mass of the crystal and its connecting elec- 
trodes. Fundamental resonances can range from 1kHz to more 
than 250MHz, although 100KHz to 30MHz is common. 

In use, the crystal simulates an L/C tuned circuit with a Q fac- 
tor which can, theoretically, exceed a million. (The very best induc- 
tor-capacitor combinations seldom achieve Q factors in excess of 
300). 

A near zero coefficient over a fairly wide temperature range can 
be obtained by cutting the slice from the bulk crystal at a particu- 
lar angle. This feature, together with the remarkable Q factor, 
enables crystal units to impart a high degree of frequency stability 
to oscillatory circuits. 






















Basic crystal controlled oscillators can have a stability better than 
five parts per million, even when no special precautions are taken to 
minimise drift. When temperature control measures are incorporat- 
ed, a stability of one part per million is achievable, and, if special 
care is taken, this can be further improved by a factor of ten. 

Clearly, therefore, when a spot frequency has to be generated, 
and when freedom from drift is of paramount importance, there is 
no practical substitute for a quartz crystal oscillator. Crystal oscilla- 
tors must, however, be buffered, and regard must be had to all of the 
other drift reducing measures outlined in Part Two, if the highest 
levels of stability are to be achieved. 


PIERCE OSCILLATOR 


One of the earliest crystal oscillators, still widely used, is the 
Pierce oscillator. In an updated version, the crystal is connected 
between collector and base of a transistor or drain and gate of a f.e.t. 
(field effect transistor). 

A bipolar transistor version of Pierce’s early valve circuit is given 
in Fig.1, where a quartz crystal, X1, is connected between the col- 
lector (c) and base (b) of TR1. The transistor is biased by resistor 
R1, and the output is developed across the r.f. choke L1. 

The crystal is operated in the parallel mode and its loading capac- 
itor is formed by C1 and trimmer capacitor VC1, which are effec- 
tively connected in series across it. The frequency of oscillation can 
be adjusted, within narrow limits, by VC1, which is usually a minia- 
ture film-dielectric trimmer. (An air-spaced component should be 
used if maximum freedom from drift is required). 

The values of C1 and VC1 should prove suitable between 4MHz 
and 15MHz, but they may need increasing for lower and reducing 
for higher frequencies. With this version, oscillation is usually at its 
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Fig.1. An updated bipolar transistor version of Pierce's valve- 
based crystal oscillator 


most vigorous when the capacitance provided by VC1 is approxi- 
mately twice that of Cl. 

Some low frequency (1MHz and below) crystals can be “slug- 
gish” and if difficulty is encountered, a 4-7mH choke as a collector 
load should make the circuit oscillate. 

Output is taken from the collector via d.c. blocking capacitor C2. 
The value of this component should be kept as low as possible con- 
sistent with sufficient signal being delivered to the accepting circuit. 
The oscillator is decoupled from the power supply by means of 
resistor R2 and capacitor C3. 


F.E.T. Version 


A Pierce oscillator maintained by a f.e.t. is shown in Fig.2, and 
the circuit is very similar to the bipolar version. The gate (g) of 
TR1 is grounded via resistor R1 in order to ensure correct opera- 
tion, and source (s) biasing is provided by resistor R2 with its 
bypass capacitor C2. 

The source bias components must be provided when a J310 transis- 
tor is used, but they can be omitted with a 2N3819 and the source direct- 
ly grounded. This modification will increase output to around 5V r.m.s. 

It is customary with f.e.t. oscillators to connect a silicon signal 
diode (a 1N4148 with cathode grounded) between gate and the neg- 
ative rail in order to limit oscillation amplitude and prevent forward 
conduction of the f.e.t.’s gate. With this circuit the measure can 
result in erratic and uncertain operation above 10MHz, and for this 
reason a diode has not been shown. 

Amplitude limitation is, however, desirable in the interests of 
minimising drift and optimising waveform quality, and it is good 
practice to connect a diode whenever other aspects of performance 
are not compromised. 
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Fig.2. Field effect transistor (f.e.t.) version of the Pierce 
crystal oscillator. 
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_ Again, the values of C1 and VC1 should prove suitable between 
4MHz and 15MHz, but they may need increasing at lower and 
reducing at higher frequencies. Oscillation is usually at its most vig- 
orous with this circuit when C1 is approximately twice the value of 
VC1; i.e., the reverse of the situation with the bipolar circuit. It 
would seem that the capacitors and crystal are acting as an imped- 
ance-matching JT tank circuit. 


LOGIC OSCILLATOR 


Logic gates can be used as the active devices in a Pierce oscillator, 
and circuits using one or two gates are common in digital systems. 
Stability is inferior to that afforded by well constructed crystal oscilla- 
tors using discrete components, but it is still of a very high order. 

A typical circuit is shown in Fig.3, where two of the four NOR 
gates in a 4001B i.c. are used. The maintaining device is formed by 
ICla, and IC1b acts as a buffer stage, the two inputs of each gate 
being strapped together to produce a pair of inverting amplifiers. 

Quartz crystal X1 is connected between the output (pin 3) and 
input (pins 1/2) of ICla, and the operating conditions of the stage 
are stabilised by resistor R1. Again, VC1 together with C1 act as the 
loading capacitors, and the frequency of oscillation can be adjusted 
slightly by means of VC1. 

The output from IC 1b (pin 4) is in the form of a square wave with 
a peak-to-peak value almost equal to the supply voltage. A tolerable 
sinewave output can be taken, via a low value capacitor, from pin 1 
and pin 2 of ICla. Supply line decoupling capacitor C2 should be 
mounted close to pin 14 of the chip. 

With CMOS (complimentary metal oxide semiconductor) 
devices, propagation delay (the time taken for the output to change 
in response to a change of state at the input) is particularly depen- 
dant upon supply voltage. The circuit will oscillate readily at 3MHz 
or 4MHz with a 5V supply, but 12V has to be applied to ensure reli- 
able oscillation at 8MHz. The maximum “safe” voltage is 15V. 

Some versions of the circuit include a 10 kilohm or 100 kilohm 
resistor in the feedback path (between the output of ICla and the 
junction between X1 and C1). This resistor reduces the drive to the 
crystal and, together with Cl, acts as a low-pass filter, inhibiting 
oscillation at other than the fundamental crystal frequency. 

Reducing feedback levels is always desirable in order to min- 
imise drift, but the circuit will be less ready to oscillate at its upper 
frequency limit, or with “sluggish” crystals. Moreover, no problems 
with spurious frequencies were encountered with the circuit as 
shown in Fig.3. 


CLAPP OSCILLATOR 


- Bipolar Transistor Version 

A bipolar transistor Clapp crystal oscillator is shown in Fig.4. 
Transistor TR1 is biased by resistors R1 and R2, and feedback, 
developed across emitter resistor R4, is applied to the capacitive 
tapping formed by C1 and C2. These components swamp the volt- 
age and temperature variable internal capacitances of TR1, and in 
this way the feedback circuitry helps to combat drift. 

The output signal is often taken from the emitter terminal of 
TR1, but, in this version of the circuit, the output is developed 





Fig.4. Circuit for a bipolar transistor version of the Clapp 
crystal oscillator. 


808 














Fig.3. Circuit for a CMOS logic gate version of the Pierce 
crystal oscillator. 

across the collector load resistor R3, thereby affording a small 
measure of isolation from the frequency determining compo- 
nents. Notwithstanding this, the d.c. blocking capacitor C3 
should be as small as possible consistent with the delivery of suf- 
ficient signal voltage. Collector load resistor R3 must not have a 
greater value than emitter resistor R4 or oscillation will be inhib- 
ited. The circuit is decoupled from the power supply by capacitor 
C4 and resistor RS. 

Trimming capacitor VC1 is connected in series with the crystal 
X1, thereby forming the Clapp variant of the Colpitts circuit. It 
enables the frequency to be adjusted over the usual narrow limits. If 
the greatest possible freedom from drift is required, the bulk of this 
series capacitance should be made up of fixed components selected 
by trial and error to produce an optimum combination of tempera- 
ture coefficients. 

Feedback capacitors C1 and C2 are not excessively critical and 
the quoted values should ensure reliable oscillation. Making capac- 
itor C2 larger than C1 will reduce feedback, minimise drift, and 
may improve output waveform. Again, the trial and error selection 
of capacitors with the most favourable temperature coefficients will 
help to ensure a high degree of stability. 


-~ F.E.T. Version 


A field effect transistor version of the circuit is given in Fig.5. 
These devices are less active than their bipolar counterparts, and an 
r.f. choke has to be used as a source load in order to ensure suffi- 
cient feedback. Signal output is taken from the source (s) via d.c. 
blocking capacitor C3. | 

Feedback capacitors C1 and C2 have a lower value with this cir- 
cuit, but the comments made earlier regarding selection apply 
equally here. If a J310 f.e.t. is substituted for the 2N3819, a 470 





Fig.5. Field effect transistor version of Clapp crystal oscillator. 
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ALTERNATIVE TRANSISTOR LEADOUTS: 


ohm resistor, bypassed by a 10nF capacitor, must be placed in series 
with the “grounded” end of the r.f. choke to ensure correct biasing. 


COLPITTS OSCILLATORS 


By omitting series trimmer VC1 in the circuits shown in Fig.4 
and Fig.5, and connecting the crystal directly between base or gate 
and ground (OV), a Colpitts oscillator is formed. Frequency adjust- 
ment can then be provided by including a small trimmer capacitor 7 
as part of Cl or C2. —a 

With so much capacitance in parallel with the crystal, it is likely that TOKO. 
adjustment of the trimmer will fail to lift the frequency of oscillation 
up to the figure quoted by the manufacturer. If precise operating 
frequency is important, the values of capacitors C1 and C2 should, 
therefore, be reduced, consistent with reliable oscillation. (The series 
connected capacitor, VC1, in the Clapp circuit avoids this problem). 


MILLER F.E.T. OSCILLATOR 


A f.e.t. version of Miller’s early valve oscillator is shown in - 
Fig.6. Miller's circuit has much in common with Armstrong's tuned ss | . 
grid/tuned anode arrangement, but here a quartz crystal replaces the 
L/C tuning connected between grid (now gate) and negative rail or 
ground. 

The L/C circuit, which acts as TR1 drain (d) load, is tuned to the 
crystal frequency (or a harmonic) and a high level, high impedance 
output can be taken from the drain. A coupling winding on the coil : 
can be used to provide a low impedance output, and the connections ce 
for inductors in the Toko range are also shown. Fig.6. Circuit 

The frequency coverage afforded by Toko and hand-wound coils has crystal oscillator. 
more readily if there is a relatively high ratio of capacitance to induc- 
tance in the tuned circuit (approximately SOOpF and 50mH at 1MHz). 

Limiting diode D1 and the source (s) bias components, R2 and . _ 
C2, improve the operation of this circuit, and the output waveform «.  :... 
is of good quality. | e _ 


CRYSTAL CONTROLLED 


In the circuits considered so far, the crystal unit has replaced an 
L/C tuned circuit and oscillation would not occur without it. These 
circuits should, therefore, be regarded as crystal oscillators. 

A crystal unit can be inserted in the feedback path of an L/C 
oscillator so that sufficient feedback can only occur at the crystal’s 
resonant frequency. Circuits of this kind are known as crystal con- 
trolled oscillators. 

A crystal controlled f.e.t. version of Armstrong’s tuned anode 
oscillator (now tuned drain) is given in Fig.7. Drain tuning is 
accomplished by coil L1 and capacitor C1, and coil L2 is a coupling 
winding supplying feedback to the gate. 

Crystal X1, placed in series with L2, offers very little opposition 
to the feedback at its series resonant frequency, and a very high 
reactance at all other frequencies. In this way, the crystal controls : 
the oscillator. The tuned circuit formed by L1 and C1 must, of — —— 
course, resonate at the crystal frequency or a harmonic. Fi Ig. 7. Cr ystal contr olled version of Armstr ong ‘s tuned anode 

Signal output is taken from the drain and the impedance at this (now drain) oscillator. 
point is very high. Unless the accepting circuit has a matching high 
impedance, the signal voltage delivered to it will be much less than 
the stated 4V r.m.s. 

Connection details for Toko coils are also given in Fig.7. The cir- 
cuit will oscillate even when the feedback winding is wrongly con- 
nected (it then functions as a tuned-drain-tuned-gate oscillator). 
Oscillation is weaker, however, and harmonics of the fundamental 
crystal frequency will only be generated when the feedback wind- | Ce 
ing L2 is connected as shown. | 


BUTLER OSCILLATOR 


A crystal controlled Butler oscillator is shown in Fig.8. Butler’s cir- 
cuit was described in its L/C form in Part Three, and it will be recalled 
that it ingeniously matches the impedances of two source coupled 
f.e.t.s and the tuned circuit formed by coil L1 and capacitor C1. 

In this version, crystal X1 is placed in the feedback path between 
the drain (d) of TR1 and the gate (g) of TR2, where it inhibits feed- 
back at all but its series resonant frequency. 

A more conventional arrangement is to use separate 1 kilohm 
source resistors and to couple the sources via the controlling crys- 
tal. A feedback capacitor of between 10pF and 100pF, depending on 
frequency, then links the drain of TR1 to the gate of TR2. 

Sluggish low frequency crystals may, however, be unable to ini- 
tiate oscillation when connected in the low impedance path between 
the sources. Success is, therefore, more certain with the arrange- i... 
ment shown in Fig.8. Fig.8. Crystal controlled Butler oscillator. 
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RESONANT FREQUENCIES 


Quartz crystal units resonate at two, closely spaced frequencies. 
The lower frequency is produced when the unit is operated in the 
series mode, simulating a series tuned circuit. In this mode, the 
impedance presented by the crystal at resonance is low. 

The capacitor formed by the connecting electrodes deposited on 
opposite faces of the crystal slice tunes it to a slightly higher fre- 
quency. This is known as the parallel or anti-resonant frequency. In 


this mode the crystal simulates a parallel tuned circuit and its 
impedance is very high. 

Most crystals are manufactured for use in the parallel mode with 
a small external loading capacitor which sets the resonant fre- 
quency to the stated value. Series mode crystals do not require a 
loading capacitor. 

All crystals will resonate in both modes, and the frequency can 
be slightly low or high if the wrong type of crystal is used. 


Again, the tuned circuit formed by L1 and Cl must resonate at 
the crystal frequency or a desired harmonic. Signal output is at a 
low impedance and isolated, to some extent, from the frequency 
determining components. When the crystal couples the sources, a 
high impedance output is usually taken from the drain of TR1. 

The crystals in the circuits shown in Fig.7 and Fig.8 are operat- 
ing in their series mode and, in theory, series mode devices should 
be used or the frequency of oscillation will be slightly lower than 
the figure stated by the manufacturer. In practice, the frequency can 
usually be set to the stated value by adjusting the core of L1, even 
when parallel mode crystals control the circuit. This is not the case 
when the crystal couples the sources in the Butler circuit, and a 
series mode unit must be used with this arrangement. 


VARIABLE FREQUENCY 


When external reactances are used to “pull” a crystal across a 
band of frequencies, the circuit is known as a variable crystal oscil- 
lator, or VXO. Stability deteriorates as frequency shift increases, 
and oscillation may cease, or the crystal lose control, if the process 
is carried too far. 

A typical “pulling” circuit is included in Fig.5, where inductor 
L1 and variable capacitor VC1 are placed in series with the crystal 
X1. A VXO can also be formed by connecting these components in 
series with the crystal in Pierce’s circuit, given in Fig.3. However, 
this arrangement does not permit the grounding of VC1’s moving 
vanes, and the modification is best made to the Clapp crystal 
oscillator. 

Inductors of between 5uH and 20uH are usual in these circuits: 
increasing the value above 20WH in an attempt to pull the frequen- 
cy lower may inhibit oscillation. The specified coil, with its wind- 
ings connected in series, can be set between approximately 6H and 
12uH by adjusting its cup core. 

When the widest possible “pulling” range is required, provision 
must be made for shorting out this inductor. Shorting switch S1 
should be operated by a miniature signal-switching relay located 
very close to the coil. 

When this arrangement is adopted, a 14MHz crystal can be 
shifted around 0-15 per cent (i.e. 20kHz). The percentage increases 
with rising crystal frequency. Stray circuit capacitances must, how- 
ever, be kept to an absolute minimum or the frequency coverage 
will be seriously curtailed. 


HARMONICS 


Although advances in manufacturing techniques have made it 
possible to produce crystals which will oscillate, in fundamental 
mode, well in excess of 100MHz, it is still commonplace to use a 
harmonic of a lower frequency crystal when a signal above 20MHz 
or 30MHz is required. . 

With harmonic oscillators, frequency multiplication takes place 
within the maintaining amplifier and is controlled by an L/C tuned 
circuit in the output stage. Almost any oscillator where the output is 
developed across a tuned circuit (see Figs. 6, 7 and 8) can be adjust- 
ed to deliver at least a close harmonic. 

A circuit which will operate at higher crystal harmonics is given 
in Fig.9, where transistor TR1 is configured as a Colpitts oscillator 
and its base bias is fixed by resistor R1 and preset VR1. Preset VR1 
enables the bias to be optimised for different transistor types when 
operation becomes more critical above 50MHz or so. A transistor 
with an fy at least three times higher than the required harmonic is 
necessary for the reliable operation of the circuit. 
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Feedback is developed across r.f. choke L2 and applied to TR1 
base via the capacitance tapping formed by capacitor C1 and trim- 
mer capacitor VC1. The feedback capacitors C1 and VC1 also act 
as the loading for the crystal X1, and the inclusion of trimmer VC1 
permits the fundamental to be set to the correct frequency. Emitter 
bias is provided by resistor R2, which is bypassed by capacitor C3. 

A high impedance output is developed across the collector load 
formed by tuned circuit L1/C2. This tuned circuit must, of course, 
be adjusted to resonate at the desired harmonic of the crystal fre- 
quency. An alternative low impedance output could be provided by 
using a coupling winding on the coil, as shown in Fig.6. 

As the output frequency increases above, say, 50MHz, capacitor 
C1 can be reduced or even omitted (the internal base/emitter capac- 
itance of TR1 can be sufficient to maintain oscillation). Substituting 
an r.f. choke of lower inductance may also be of benefit. Whatever 
the frequency, optimum performance is usually realised when VC1 
has an in-circuit value of around twice that of Cl. 


OVERTONES 


Overtone oscillators use specially cut crystals which resonate at 
an odd harmonic, usually the third or fifth, of their fundamental. 
Whilst crystals of this kind can be made to oscillate at their funda- 
mental frequency, they are designed to resonate, or vibrate, at a 
stated overtone. 

This represents the crucial difference between overtone and har- 
monic oscillators. In an overtone oscillator, the crystal itself is 
vibrating at the higher frequency: in a harmonic oscillator, the crys- 
tal vibrates at its fundamental frequency and multiplication takes 
place within the transistor. . 


2'! signatourappRox | —t™” 
VAMS.WTH | |. 
SUPPLY _ 


Fig.9. Circuit diagram for a harmonic and overtone crystal 
oscillator. 


Sometimes measures are taken to suppress any tendency of an 
overtone circuit to oscillate at the crystal fundamental. Arranging 
for the feedback to reduce at the lower frequency is a common 
method. 

In Fig.9, feedback is developed across r.f. choke L2. If this com- 
ponent ‘is replaced by an inductor of much lower value, feedback 
will be insufficient to maintain oscillation at a fundamental of, say, 
QMHz, but will be capable of doing so at the third overtone of 
27MHz. 

Inductors from the Toko S18 range are ideal for this purpose, and 
a 5-5 tur ferrite slug tuned coil (nominal value 0-23uH) should 
prove suitable for crystals with fundamentals in the 6MHz to 
12MHz range. Temporarily substituting a tuned circuit which res- 
onates at the fundamental for L1 and C2, will enable activity in this 
mode to be checked. 

If the oscillator is producing an output at the crystal’s fundamen- 
tal, withdraw the core of the S18 coil until it stops. The relative val- 
ues of capacitors C1 and VC1, and the gain and fy of TRI, also 
influence the feedback level, and some experimentation may be 
necessary to eliminate unwanted oscillations. The circuit is, 
however, quite easy to set up. 
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DIVIDING DOWN 


Crystals cut to resonate below 1MHz 
become more expensive and less readily 
available as the frequency is lowered. If a 
square wave output can be tolerated, 
bistable flip-flop (divide by two) and deci- 
mal counter (divide by ten) i.c.s can be 
used to produce submultiples of a higher 
frequency. 

There is some additional complication, 
but the CMOS i.c.s are inexpensive and 
require no external components other than 
a supply decoupling capacitor. 

If a sinewave output of good quality is 
the priority, an L/C oscillator will usually be 
more than sufficiently drift free at frequen- 
cies below 100kHz, especially if the pre- 
cautions detailed in Part Two are 
observed. 




















DIVIDING DOWN 


Crystals which resonate below 1 MHz tend 
to be more expensive and less easy to obtain. If 
a square wave output can be tolerated, highly 
stable low frequency signals can be obtained, 
at lower cost, by using integrated circuits (i.c.s) to divide down the 
output from a higher frequency crystal. 

A divider circuit using a dual decimal counter, IC1, that can be 
used to divide a frequency by 10 or 100, is shown in Fig.10. By this 
means, a 2MHz crystal would provide outputs at 200kHz and 
20kHz. Alternatively, IC2, a dual bistable flip-flop, will divide by 2 
or 4, and the two devices can be connected in tandem to produce 
various submultiples of the input frequency. 

A source follower buffer stage, TR1, is necessary to ensure reli- 
able operation of the i.c.s. Direct connections must be made 
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Fig.10. Circuit diagram for dividing the frequency down using a 
counter i.c. plus a dual bistable flip-flop i.c. 








CMOS dual decimal 


between the buffer and the i.c.s and between any i.c.s in a dividing 
chain: a d.c. blocking capacitor is not required. The f.e.t. buffer 
stage is not needed when the dividers are used with the CMOS logic 
gate oscillator shown in Fig.3. | 
Output is a near perfect square wave with a peak-to-peak value 
almost equal to the supply voltage. The maximum input frequency 
for the i.c.s is around 8MHz when the supply voltage is 12V or 15V. 


Next month: Oscillators which use R/C (resistor and capacitor) 
networks to fix the operating frequency will be considered. 


The leading magazine 
for vintage radio 
enthusiasts 


A SAMPLE Copy of Radio Bygones 
SUBSCRIPTIONS (post paid) 1 year 
UNITED KINGDOM £18.00 
REST OF EUROPE (AIRMAIL) £19.50 
REST OF THE WORLD (AIRMAIL) £23.75 £44.25 
(_] Yes, I would like a sample copy of RADIO BYGONES 
(_J Yes, I would like to take out a subscription for: 
[.] One year (6 issues) _[_] Two years (12 issues) 
J I enclose a cheque/Eurocheque/PO for £ 
payable to Wimborne Publishing Ltd 
[_.] Please debit my Visa/Mastercard 
My credit card number is: 


WU WU UU UU 


Please print clearly, and check that you have the number correct 


The Card is valid from: 


My name is 


THE MAGAZINE is published six times a year, and is available by 


postal subscription only. It is not available at newsagents. 


My address is 


TO TAKE OUT a subscription, or to request a sample copy, please 


complete the form and return it to: 


RapDIo BYGONES, Allen House, East Borough, Wimborne, Dorset 


BH21 1PF. Tel 01202 881749. Fax 01202 841692. 


Everyday Practical Electronics/ETI, November 1999 


Postcode/Zip 


Signature 





811 











Starter Project 


ACOUSTIC 








PROBE 


ROBERT PENFOLD 









































An audio “telescope 7 Or stethoscope stage, giving an overall voltage gain of 
to investigate distant or low level 


sound. 


HIS project could be regarded as the 
) audio equivalent of a telescope. Its 


basic function is to pick up sounds via 
a microphone, greatly amplify the resultant 
signal, and then feed it to a pair of head- 
phones. This gives users a sort of “larger 
than life” version of what they would nor- 
mally hear, permitting them to detect 
sounds that would otherwise be inaudible. 
A sort of hearing aid for those who do not 
have a hearing defect. 

Apart from making sounds louder, it is 
often possible to place the microphone very 
close to the sound source, or even actually 
touching it, so that otherwise inaudible 
sounds can be monitored. When used in 
this way the unit acts as a sort of electronic 
stethoscope, and the barely audible sound 
from a watch can be made to sound more 
like a shipyard in full production. It is even 
possible to place the microphone underwa- 
ter, perhaps to monitor the wildlife in a 
pond, provided, of course, the microphone 
is given adequate waterproofing. 

The unit is small and self-contained, 
although a separate microphone can be 
used if preferred. An electret type is used 
whether the microphone is built-in or exter- 
nal to the main unit. A low cost insert will 
suffice if an internal microphone is used, 
and should provide excellent audio quality. 

The output signal is monitored using 
headphones or an earphone rather than a 
loudspeaker, because the latter gives prob- 
lems with acoustic feedback. This feedback 
produces the whistling and howling sounds 
that dog so many PA systems. These are 
largely avoided using headphones, and are 
totally eliminated using an earphone. 


CIRCUIT OPERATION 


The full circuit diagram for the Acoustic 
Probe is shown in Fig.1. The input circuit 
may look a little unusual, but it has to be 
borne in mind that an electret microphone 
insert has an integral buffer amplifier. 
Furthermore, the load resistor for the j.f.e.t. 
(junction gate field effect transistor) used in 
the buffer amplifier is usually absent, and 
must be included in the main circuit. 
Resistor R1 and capacitor C2 provide a 
well decoupled supply to the microphone 
insert, and also drop the supply voltage to a 
more suitable level. R2 is the load resistor 
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for the j.f.e.t. in the microphone insert 
(MIC1). 

Resistors R1, R2, and capacitor C2 
should be omitted if the unit is used with an 
external electret microphone having a built- 
in battery supply for the preamplifier. Apart 
from the fact they would be superfluous 
they could also prevent the microphone 
from working properly. 


HIGH GAIN 


It is essential for the circuit to have very 
high voltage gain due to the low output 
level from the microphone. When dealing 
with faint sounds the output voltage from 
the microphone is likely to be microvolts 
rather than millivolts. 

A two-stage amplifier is therefore used, 
employing IC1 to provide the initial ampli- 
fication. The input stage is a standard 
inverting mode type having its voltage gain 
set at 40dB (100 times) by negative feed- 
back resistors R3 and R6. 

Resistors R4 and RS form a potential 
divider that supplies the usual mid-supply 
bias potential to the non-inverting input of 
IC1. Capacitor CS couples the output of 
IC1 to a simple common emitter amplifier 
based on transistor TR1. This provides a 


- similar level of voltage gain to the input 





Fig.1. Complete circuit diagram for the Acoustic Probe. 


about 80dB (10,000 times) or so. 

Capacitor C6 couples the output signal 
to the earphone or headphones. Good 
results are obtained using either a crystal 
earphone or medium impedance head- 
phones of the type sold as replacements for 
use with personal stereo units. The unit is 
unlikely to give worthwhile results with a 
low impedance earphone or any other type 
of headphones. The current consumption of 
the circuit is about eight milliamps. 


VOLUME AND NOISE 


The high gain of the unit produces a 
potential problem with excessive volume 
from sounds at medium to high levels, or if 
the microphone is accidentally knocked. 
There are two ways around this, which are 
limiting and an automatic gain control cir- 
cuit. Limiting is the method used here, and 
it is the more simple of the two. It simply 
entails limiting the maximum drive level 
from the output stage so that excessive vol- 
ume levels cannot be produced. This has 
the advantage of being instant in operation, 
and the unit will operate normally as soon 
as a high input level has dropped back 
within normal operating conditions. 

The drawback of limiting is that quite 
severe distortion is produced on high level 
signals. This is not really a major drawback 
since the unit is only intended for investi- 
gating sounds at low levels. The limiting is 
provided by using a simple output stage 
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that is unable to drive the earphone or 
headphones at very high volumes, and 
effectively has built-in limiting. 

On the face of it, the higher the gain of 
the circuit the better it will perform. 
Unfortunately, it is not practical to use 
ultra-high gains in order to enable extreme- 
ly quiet signals to be detected. 

The lowest sound level that can be 
detected is mainly governed by the signal- 
to-noise ratio of the amplifier’s input stage. 
Increasing the gain of the circuit simply 
results in proportionately more “hiss” type 
noise from the headphones, with low level 
signals being lost in this noise. 

Regardless of the amount of gain used, 
signals below a certain level will be too far 
below the noise level to be detectable. The 
LF351N specified for IC1 is an inexpensive 
device that gives quite good noise perfor- 
mance. However, a high quality audio oper- 
ational amplifier such as the NE5534AN 
will provide a significantly lower signal to 


noise ratio and extend the capabilities of | 


the unit. 


CONSTRUCTION 


The circuit board is based on a piece of 
stripboard that has 30 holes, by 16 copper 
strips. Details of the component layout and 
wiring, together with the breaks in the cop- 
per strips are shown in Fig.2. The high gain 
of this circuit make it vulnerable to prob- 
lems with instability due to stray feedback, 
so unless you know what you are doing it is 
best to copy the layout shown here rather 
than experimenting with your own design. 

Construction of the board follows along 
the normal lines, and starts with a board 
being trimmed to size using a hacksaw. The 
rows of holes are very close together so cut 
along rows rather than trying to cut 
between them. There will inevitably be 
some rough edges and corners, but the 
board is easily filed to a neat finish. 











Next drill the two 3-3mm diameter 
mounting holes and make the eight cuts in 
the copper strips. The cuts can be made 
using the special tool or a hand-held twist 
drill bit of about 5mm in diameter. Make 
sure that the copper strips are cut across 
their full width. 

The stripboard is then ready for the com- 
ponents to be fitted. Start with the resistors 
and link wires. Only three links are required 
and they are quite short, so trimmings from 
the resistor leadouts should suffice for these. 
Then fit the capacitors, making sure that each 
one has the correct polarity. 

Now fit transistor TR1 and an 8-pin d.i.l. 
holder for IC1. The LF351N used for IC1 is 
not a static-sensitive device, but it is still a 
good idea to mount it on the board via a 
holder. 

Use single-sided solder pins at the points 
where the board will connect to MIC1, S1, 
SK1, and the battery; it is one millimetre 
diameter pins that are required. A tool for fit- 
ting them to the board is available, but they 
can usually be pushed into place quite easily. 


CASE 


There is potentially some advantage in 
using a metal case for a sensitive audio pro- 
ject such as this one, because it can help to 
screen the circuit from stray pickup of elec- 
trical noise such as mains “hum’’. However, 
a small plastic box should be perfectly all 
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Fig.3. Screened microphone cable 
must be used if it is more than a few 
centimetres long. 
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COMPONENTS 


Rt 4k7 S86 
R2R3 «© gon SLOP? 
ao”) TALK 


(2 off) 
R6 68k 
R7 2k2 
R8 330k 
RQ 5602 
All 0:-25W 5% carbon film 


Resistors 


R4,R5 


Capacitors 
C1 100 radial elect. 10V 
C2 47u radial elect. 16V 
C3 10u radial elect. 25V 
C4 4u7 radial elect. 50V 
C5 1u radial elect. 50V 
C6 220u radial elect. 10V 


Semiconductors 
TR1 BC549 npn transistor 
IC1 LF351N op.amp 
(see text) 


Miscellaneous 
MIC1 electret microphone 
insert (see text) 
Bt 9V battery (PP3 size) 
SK1 3-5mm jack socket 
(see text) | 
S1 S.p.s.t. min toggle 
switch 
Small plastic or metal box, approx. 
100mm x 75mm x 40mm; 0:1 inch matrix 
stripboard, measuring 30 holes by 16 
strips; battery connector; 8-pin d.i.l. 
socket; multistrand wire; solder, etc. 


£9 


excl. headphones 


Volo) go) Gam Orel-y 


| BATTERY Bi 


6) 


Fig.2. Stripboard component layout, off-board hard wiring and underside view 
showing breaks required in the copper tracks. 
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Layout and wiring of components inside the small plastic case, keep the leads to 


the mic. and ‘phone socket well apart. 


right unless the unit is likely to be used in an 
electrically “noisy” environment. 

The component panel is bolted in place 
using metric M3 or 6BA bolts, and it is 
advisable to use short spacers or some extra 
nuts between the board and the case. This 
prevents the board from distorting and pos- 
sibly cracking when it is bolted in position. 
The exact layout of the unit is not critical, 
but try to keep the wiring to MIC1 and SK1 
well separated. 

The construction diagram Fig.2 shows 
SK1 as the usual open style 3-S5mm jack 
socket. This is the correct type of socket for 
use with a crystal earphone, but a 3-S5mm 
stereo jack socket is needed for medium 
impedance stereo headphones. The two 
phones must be connected in series, which 
means that the earth tag is ignored and the 
connections are made to the other two tags 
of the socket (either way round). 


MICROPHONE 
MOUNTING 


The best way of dealing with the micro- 
phone depends on the manner in which the 
unit will be used. In most instances it can 
simply be mounted at one end of the case. 

Probably the easiest way of mounting it 
is to drill a hole in the case of the same 
diameter as the insert, and to then glue the 
insert in this hole. An alternative 











approach is to mount the microphone 
insert at the end of a piece of plastic tub- 
ing and to mount this tube on the case. An 
advantage of this method is that it makes 
it easy to manoeuvre the microphone into 
awkward places, but it is difficult to pro- 
duce a strong assembly that will not keep 
breaking apart. 

It is probably more practical to have the 
microphone insert separate from the main 
unit and connected to it via a screened lead 
about 0-5 to 2 metres long. The screen of 
the cable carries the earth connection, and 
the inner conduc- 
tor carries the 
connection to 
capacitor C3, as 
shown in Fig.3. 

The = micro- 
phone insert will 
only work prop- 
erly if it is con- 
nected with the 
right polarity. If 
the polarity is not 
marked on _ the 
unit itself the 
manufacturers or 
retailer’s litera- 
ture should pro- 
vide connection 
information. 


Usually one terminal connects to the 
metal case of the insert, and this should be 
the ‘“—’’ lead that connects to the OV rail of 
the circuit. Getting the polarity wrong is 
unlikely to damage the insert, so if all else 
fails trial and error can be used to deter- 
mine the correct method of connection. 


SEPARATE 
MICROPHONE 


If a separate microphone is used it is 
possible to use a “proper’’ electret type, 
complete with built-in battery supply. As 
pointed out previously, R1, R2, and C2 
must be omitted if a microphone of this 
type is used. A “proper’’ electret micro- 
phone should be fitted with a screened lead 
and a plug. The plug will normally be a 
3.5mm or standard (6-35mm) jack plug. 

The connections to the circuit board are 
made via a socket of the appropriate type 
fitted on the front panel of the case. The 
unit will not work properly unless this 
socket is connected the right way round. If 
there are major problems with stray pickup 
of mains “hum ”’, etc. the socket is connect- 
ed the wrong way round. 


TESTING 


With the headphones or earphone con- 
nected and the finished unit switched on it 
should be obvious if the unit is working 
correctly. If all is well there will be a 
noticeable “hissing”’ sound from the head- 
phones or earphone, and sounds in the 
room should be heard loud and clear. 

If there is a “hissing”’ sound but no sound 
pickup whatever, try reversing the connec- 
tions to the microphone insert. If you are 
using headphones maintain a reasonable 
distance between the microphone and the 
headphones or there could be problems 
with acoustic feedback. 
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Get your magazine 
“instantly” anywhere in the 
world — buy from the web. 


TAKE A LOOK, 
A FREE ISSUE IS 
AVAILABLE 


A one year subscription (12 issues) costs just $9.99 (US) 
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BASIC Stamp Microcontrollers 


Still the simplest and easiest way to get your project or 
development work done. BASIC Stamps are small computers that 
run BASIC programmes. With either 8 or 16 Input-Output pins 
they may be connected directly to push-buttons, LEDs, speakers, 
potentiometers and integrated circuits such as digital 
thermometers, real-time clocks and analog diaiet converters. 
BASIC Stamps are programmed using an ordinary PC running 
DOS or Windows. The language has 
familiar, easy-to-read instructions such _& 


as FOR...NEXT, IF...THEN and GOTO. [ai Nis 


Built-in syntax make it easy to measure CUSTOMIZING 
and generate pulses, read push- rs 

buttons, send/receive serial data etc. LLM MEE RR 
Stamps from £25 (single quantities), 8) @ ~agl 

Full development kits from £79 






PUTER 





if 


Stamps plus lots of worked 
projects and practical 
electronics help. CD-ROM also 
includes 30+ past magazine 
articles and Stamp eicare 


£29.95 








Stamp2 based 3-axis machine 

Stepper drive to X, Y and Z axes with 0.1mm 

(4thou) resolution. 

Kit conains pre-machined frame components. 

eer with Windows software for drilling 
cbs. 


Full kit at £249, Part kit at £189 













TecArm4 

New range of robotic arms 
for educational and hobbyist use 
with super powerful servos. 
Cantaled rom PC (Windows 
freeware provided) or from optional 
keypad. Stands about 450mm _ 
high when fully extended. ' 
Kit includes all pre-cut body 
parts, servo controller board, 
servos and software. Requires 9v Dc. 


ewe 


Kits start at £189 


On Screen Display 
Superimpose text onto 
standard CCTV from simple 
RS232 serial line. 

Ready built/tested at £59 





ieee dst ARRIIPERDEBEDE 


IR Decoder Board 
Control your project using a standard domestic 
IR remote. 

7 Output lines (5v @ 20mA) may be set to 
momentary or toggle action. 

Simple teaching routine. Requires 9-1 2vDC 
Supplied built and tested. 

£29 single quantity 






Milford Instruments 
120 High Street, South Milford, LEEDS LS25 5AQ 
Tel: 01977 683665 Fax: 01977 681465 





CONTROL & ROBOTICS 


Full information on using BASIC 
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SERIAL LCDs 
Bannish the hassle of interfacing to LCD displays. 

We stock a comprehensive range of alphanumeric and Graphic LCDs - 
all with an easy-to-use standard RS$232 serial Interface. Sizes from 
2x16 to 4x40 plus 128x64 graphic panels. 

Prices start at £25 iiogle quantity) 


StampBug 

Stamp] based walking insect 
Forwards,backwards and left/right turn when 
feelers detect object in path. Up to 2 hours 
roving from 4xAA Nicads. Chips pre- 
programmed but programme may be changed 
(software onal Body parts pre-cut. 

Full kit £68 a 


BigFoot | 
Stamp] based walking 
humanoid 

Walks forwards/backwards 
with left and right turn when 
detects obstacles. Electronics 
pcb pre-built and tested. 
Programme pre-loaded but 
may be changed with 
supplied software. 


Full kit £68 





Alex- Animated Head 
Stamp2 based controller with voice record-playback 
capability, PIR input and/or random pes 4-servo 


actions are recorded/edited one track at a time. May 
also be controlled from PC. 
Head kits start at £29. Controllers from £29 






Servo Driver Board 
Control up to 8 standard hobby servos from an RS232 
serial data line using this controller board. Simple command 
structure holds servos in position until update is received. 
Fully built and tested- requires 9vDC and servos. Supplied 
with Windows freeware. 

£29 single quantity. Optional keypad available. 


rte, 


All prices exclude VAT and shipping. 
BASIC Stamp is the registered trademark of Parallax Inc. For further 
details on the above and other interesting products, please see our web site- 
www. milinst.demon.co.uk 








EPE/ETI Tutorial Series 


_TEACH-IN 2000 





Part One - Introduction 





What we propose to do during this 10-part Teach-In 
2000 series is to lead you through the fascinating 
maze of what electronics is all about! We shall 
assume that you know nothing about the subject, 
and so shall take individual components and con- 
cepts in simple steps and show you, with lots of 
examples, what you can achieve, and without it tax- 


ing your brain too much! — 


JOHN BECKER 











Through these simple steps we hope to prove to you 
that using electronic components need not be a complex 
task and that, providing you think about each stage of 
what you are trying to create, you can actually design and 
build something that works! 

In this Introductory section, we explain our approach to 
the subject, what things you need to buy, and then lay 


down a few simple ground rules. 


a 


UCH of electronics is about build- 
Vi ing blocks, and once you have 
understood what some of the 
primary building blocks can do and why 
they can do it, these blocks can be com- 
bined in many different ways to achieve 
increasingly more sophisticated 
goals. 
To assist you in getting to know 


offer you interactive involvement, with the 
ability to specify your own component val- 
ues. Self-test and experimental exercises 
are included, to really let you get to grips 
with understanding this fascinating 
technology. 


GHA’S LAW AND RELATIONSHIPS 


digital to analogue conversion, computer 
interfacing, timing calculations, frequency 
generation, frequency counting, simple 
audio amplifying, to name but some of the 
wide array of subjects to be featured. 

The series is not directly related to any 
formal courses or qualifications on 
electronics, but is based around 
those subjects which the author has 


(PRESET VALUES | found to be most important during 
several decades of involvement in 
electronics, both professionally 


and as a hobbyist. It should appeal 
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about the various building blocks, 
a set of illustrative computer pro- of) tata 
grams has been prepared. We Wot 
believe these to be capable of run- 


= AOUSTARLE | 
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Windows 3.1 upwards), provided 


necessary to own a computer in 


ning on any comparatively recent 
PC-compatible computer (from 


that it can accept a 3-5-inch disk or 
is capable of downloading the pro- 
grams from the EPE web site. It 
should have a colour monitor. 


SOFT APPROACH 


We stress, though, that it is not 


order to gain benefit from follow- 
ing this Teach-In series. Whilst 
you will not gain full benefit if you 
don’t have a computer, the series is 
structured so that it can still be 
studied beneficially without one. 

At present, programs are available to 
accompany the first few parts of this ten 
part series. Others are in preparation and 
will be available later on in the series. 

The software is available on 3-5-inch disk 
from the EPE PCB and Software Service, see 
that page in this issue -— disk 
EPE Teach-In 2000). The same software 
may be downloaded free’ via 
ftp://ftp.epemag.wimborne.co.uk or via 
http://www.epemag.wimborne.co.uk. 

To instal the software on your computer, 
follow the instructions provided with the 
TEACH2K.TXT text file. This can be read 
using DOS EDIT or through any normal 
wordprocessing software (including 
Windows Notepad and Notebook). 

The Teach-In 2000 programs not only 
illustrate particular electronics concepts 
discussed in each Tutorial part, but also 
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FORMULA CONTROLS: 


KEYBOARD ARROWS 


.D. IM VOLTS R = RESISTANCE IN OHMS 
ARENT IN ARPS P = POWER IN WATTS 





Photo 1.1. Ohm's Law interactive screen 


(discussed in Part 3). 


In future parts, the software will addi- 
tionally allow you to use your computer as 
an item of test equipment, allowing you to 
input data from both analogue and digital 
circuits, displaying it as meaningful screen 
data and/or waveforms. 

This facility will be of great benefit to 
you long after you have learned the infor- 
mation offered during the series. 


COVERAGE 


The subjects to be covered include 
(amongst other things) facts and equations 
for using resistors, capacitors, potentiome- 
ters, diodes, light emitting diodes, transis- 
tors, logic gates, other digital circuits, 
operational amplifiers, liquid crystal 
displays, signal waveforms, Ohm’s Law 
and its derivatives, binary and hexadecimal 
logic, analogue to digital conversion, 


to anyone of any age who wants to 
get to know what electronics is all 
about, and to put it to good use. 


JUST PLUG IN 


The vast majority of the Teach- 
In exercises and experiments are 
carried out on a plug-in bread- 
board, and use a 6V battery as the 
power source. You do not need a 
soldering iron for the first several 
parts of Teach-In. However, later in 
the series, some of the circuits dis- 
cussed will benefit from construc- 
tion on a printed circuit board 
allowing their long-term use as 
items of test equipment. For these 
constructions a soldering iron will be 
needed. 

Although this Teach-In will not instruct 
you in soldering techniques, we have avail- 
able the excellent and highly-acclaimed Basic 
Soldering Guide by Alan Winstanley (EPE’s 


~ equally excellent and highly-acclaimed On- 


Line Editor!), which will tell you all you need 
to know — it is obtainable from the Editorial 
Office and via the EPE web site. 


WHAT YOU NEED 


There are two groups of items you need, 
comprising hardware and the electronic 


_components themselves. You should get 


many years of value out of them! 

Some of our advertisers are putting 
together special Teach-In packs and readers 
should browse their adverts and check out 
the Shoptalk page. 
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@ Digital multimeter, preferably a 
good one, but even a cheap one will 
allow you to perform all the tests we ask 
you to do during the series. It is recom- 
mended that if you can, you should buy 
one which not only has test probes, but 
also test leads with clips on one end, 
allowing the leads to be clipped onto 
component wires and legs. 

If you cannot obtain clipped leads, you 
can easily make your own using two 0-5 
metre lengths of extra-flexible wire, to 
which you connect miniature insulated 
crocodile clips at one end, and 4mm 
plugs at the other (or to suit meter). The 
colours should be red and black. 

Battery connection leads can be simi- 
larly made, to the same length, with insu- 
lated crocodile clips at each end. 

@ Plug-in breadboard, 64 holes long, 
14 holes wide, basic hole spacing (pitch) 
Q-1-inch (2:54mm) — see Photo 1.2. 

@ Heavy duty 6V (volts) battery, with 
spring terminals — see Photo 1.2. Do not 
use any battery that has a different stated 
voltage (e.g. a 9V battery MUST NOT be 
used). 

@ Solid core connecting wire, approx 
22 S.w.g. core diameter, one small reel 
(preferably plastic coated, any colour, but 
may be “‘naked’’). 











@ Resistors 


@ Capacitors 





All miniature ceramic (disc or plate). 


All electrolytic, radial mounting. 







@ Preset Potentiometers 





board mounting. 
@ Control Potentiometers 


WHAT YOU NEED - Basic Items 





WHAT YOU NEED - Electronic Components 


47Q, 10002, 22002, 47002, 1k, 2k2, 4k7, 10k, 22k, 47k, 100k, 
220k, 470k, 1M, 2M2, 4M7, 10M (say 5 off each). 
All values rated at 0-25W (or 0-33W) 5% carbon film. 


10p, 22p, 47p, 100p, 220p, 470p (say 5 off each). 
All miniature polystyrene or ceramic (disc or plate). 
In, 2n, 4n7, 10n, 22n, 47n, 100n, 220n, 470n (say 5 off each). 


lu, 2u2, 4u7, 10u, 22u, 47u, 100u, 220u, 470u, 1000u, 
2200u (say 5 off each up to 100u, 2 off each 220u and above). 


All capacitors should have a minimum working voltage rating 
of 10V (a higher voltage rating is acceptable providing the size 
of the component is not too great — component suppliers’ cata- 
logues should quote the physical size of capacitors in relation to 
their capacitance values and voltage ratings). 


10002, 47002, 1k, 4k7, 10k, 47k, 100k, 470k, 1M (say 2 off 
each). Miniature round, enclosed, horizontal, printed circuit 




































@ Wire cutters (for cutting component 
leads and connecting wires). 

@ Wire stripper for small diameter 
plastic-insulated wires (typically size 
1-2mm diameter). 

@ Small electrical (insulated) screw 
driver (blade tip about 3mm wide). 

@ Small thin-nosed pliers, insulated 
handles. 

@ Extra-flexible stranded plastic cov- 
ered wire (approx. 2mm dia.), 2 metres 
each of red and black (or green). 

@ Miniature crocodile clips, insulated 
covering, preferably with screw termi- 
nals to which extra-flexible wire can be 
secured (they will otherwise need solder- 
ing), 10 off (some for future use). 

@ 4mm plugs (optional, see multime- 
ter note above), one each of red and 
black, preferably with screw terminals. 

@ imm terminal pins, double-sided — 
a handful (see text). 

@ Imm pin headers (say 5 strips, each 
about 20 pins). 

@ Miniature solder- 
ing iron, mains pow- 
ered, 15W, bevel tip 
approx. 3mm wide. 

@ Solder, multi- 
core, 22s.w.g. 


Part 2. 









Photo 1.2. Examining one of the breadboard experiments in 


BC549 (or 2N3704) npn transistor (say 5 off) 
BC559 (or 2N3702) pnp transistor (say 5 off) 
LM358 dual op.amp (say 3 off) 


QUANTITIES 


The quantities and values of components 
we suggest are not only so that you can per- 
form the wide variety of experiments that 
we discuss, but will also result in a good 
“spares”’ collection for future long-term 
use. Go for larger quantities than those 
given for resistors and capacitors if funds 
permit (say 10 off each, for example). 
Where no quantity is stated, only one item 
is required. 

With regard to resistors and capacitors, 
if you can buy a “bumper bundle”’ of 
mixed values do so, but do ensure that 
they are of reasonable size suited to 
breadboard use at a minimum of 10 volts 
(and that they are of good quality). They 
should include the majority of the values 
listed (and possibly other values as well). 
Avoid resistors that are rated for 1 watt or 
greater since their size may be too great. 

Whilst you may not understand the val- 
ues listed (although you’ll soon do so!), 
your component supplier will if you just 
present the list to him. 





























100k linear, 100k logarithmic. Panel mounting, “standard” 


74HCOO CMOS quad 2-input NAND gate 








74HCO02 CMOS quad 2-input NOR gate 

74HC08 CMOS quad 2-input AND gate 

74HC32 CMOS quad 2-input OR gate 

74HC86 CMOS quad 2-input XOR gate 

74HC4017 CMOS decade counter 

74HC4024 CMOS 7-stage binary ripple counter 

TLC549 analogue-to-digital converter 

DAC0800 digital-to-analogue converter 

Miniature active buzzer 

Low-cost pair of high impedance personal headphones 

Miniature jack socket to suit personal headphones 

Miniature electret insert microphone 

36-way Centronics female parallel printer port connector (p.c.b. 
mounting, and for which a p.c.b. will become available) 


diameter mounting bush and spindle, preferably plastic spindle 
(without switch). 

@ Semiconductors 

Red light emitting diode (l.e.d.), about 5mm diameter (say 
10 off) 

74HC04 CMOS hex inverter gate (2 off) 

74HC14 CMOS hex Schmitt inverter gate (2 off) 

@ Miscellaneous 

ORP12 (or NORP12) light dependent resistor (1.d.r.) 

10k thermistor (n.t.c. type) 












A few other components will be called for in later parts of the 
series (but not before Part 4). Amongst them will be: 


1N4148 signal diode (say 10 off) 
1N4001 rectifier diode (say 5 off) 
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Fig.1.1. Arrangement and interconnection of the 
breadboard strips. Note that the outer strips 


between 31 and 34 are not connected. 





Fig.1.2. Example of trimming and 
shaping resistor wires to fit into bread- 
board. 


BREADBOARD 
CONSTRUCTION 


You will see that the holes in the bread- 
board are arranged in groups of five. Beneath 
the holes are miniature electrical clips. All 
five clips in a group are electrically connect- 
ed and all groups are electrically isolated 
from each other (with the exception of the 
two parallel strips to either side of the board). 
The arrangement is shown schematically in 
Fig.1.1. 

Components are plugged into and 
between the clip groups so that they 
become inter-connected in a_ specific 





electrical configuration, as 
required so that they perform a par- 
ticular function when electrical 
power is applied. Examples are 
shown in Photo 1.2. 

Components are usually sup- 
plied with connecting wires that 
are far longer than required (espe- 
cially resistors and capacitors). 
Prior to plugging a component into 
the breadboard, we suggest that 
you cut the wires to a length of 
about 1-5 centimetres away from 
the component’s body. 

This should allow you to easily 
handle the components, yet avoid 
the possibility of extra long wires 
adversely touching the leads of 
other components. The length 
should also allow test leads to be 
clipped onto the component wires. 

You will need to bend the leads of some 
components (resistors and diodes in particu- 
lar) so that they plug into the board. This is 
illustrated in Fig.1.2. Make the bend just frac- 
tionally away from the body of the compo- 
nent, especially the diodes which often have a 
glass body that may fracture if subjected to 
stress when leads are bent. Thin-nosed pliers 
are useful to help form the bend. 

Components may also be linked to oth- 
ers using short lengths of the solid-core 
wire specified earlier (the cut-off wires of 
components can often be used for the same 
purpose). Cut the length you need and then 
trim off the insulation (if present) to a 
length of about 1cm, using the wire strip- 
pers. Thin-nosed pliars can shape the wire 
as required for plugging in, but you may 
simply bend the wire by hand if you are just 
making experimental links. 

If you are using uninsulated solid-core 
wire, ensure that it does not adversely con- 
tact other components. 

Short lengths of solid-core wire may also 
be inserted in the board to assist in the 


connection of power/meter leads and their 
clips. A better option is to use the double- 
sided 1mm terminal pins listed earlier. 


ELECTRICAL POWER 


Two terms that will be used frequently 
in this series are voltage and current. 
Their units of measurement are volts and 
amps. Sub-units of measurement are also 
used, which will be defined in due course. 

To explain the nature of electrical power 
would take us into atomic physics, which 
we have no intention of exploring. 
However, we can simply explain the con- 
cepts of the terms by using a time-hon- 
oured analogy: 

Imagine a water tank with a hole in its 
base. We are sure you know that water will 
flow out through the hole at a rate depend- 
ing on the fullness of the tank and the size 
of the hole. 

The greater the pressure of the water, the 
faster that it will flow through the hole. The 
pressure depends on the height of the water 
above the hole. The volume of water that 
flows through the hole depends on its diam- 
eter. In electrical terms, the “height’’ is 
expressed in “‘volts’’, the volume of flow is 
expressed in “amps”’. 

There is an allied third term, watts, 
which expresses the amount of power that 
flows in respect of given values for volts 
and amps (it is the result of the two values 
multiplied together). 

It is important to be aware that electron- 
ic components will only accept voltage, 
current and power flow within specified 
limits. These limits vary between compo- 
nent types and must not be exceeded 
(although there is usually a fairly wide mar- 
gin of excess which they will tolerate for 


short periods). 


All this will become much clearer as we 
progress through the series. Refer now to 
the first Tutorial, and let’s start exploring 
electronics! 
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COLOUR CODES AND RESISTORS 


assume that you don’t yet know 

what component types look like. No 
doubt we’re wrong — but we’ve got to start 
somewhere! (And if we are right, you 
should also page through that excellent lit- 
tle free gift on the front cover of this issue 
— the Identifying Electronic Components 
booklet.) | 

Once it’s arrived through your letterbox, 
within that bag of components you’ve 
bought for this Teach-Jn series (as recom- 
mended in the Introduction) will be some 
that look like those in Photo 1.3. 

The component on the left is a light 
emitting diode (l.e.d.), a resistor (having 
four coloured bands) is in the centre. The 
right-hand component is an electrolytic 
capacitor (to be discussed in Part 2). 


Resim: or wrongly, we are going to 
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Photo 1.3. Left to right: Light emitting 





diode, resistor, electrolytic capacitor. 


LED BY THE LIGHT 


Find a red l.e.d., plus a resistor whose 
bands are coloured yellow, violet, brown 
and gold, in that order. Plug them into your 
breadboard as shown in Fig.1.3, then clip 
the two power leads to your battery as 
shown in the Photo 1.4. 

You will now see one of two situations — 
the l.e.d. is glowing nicely (“turned on”’), 
or it is not glowing at all! Disconnect the 
battery. Now unplug the lLe.d., turn its 
leads round the other way and plug it back 
in. Connect the battery again. Whichever 
case was true first, the opposite should be 
true now. 

This experiment with the le.d. is an 
example of the use of a semiconductor, a 
class of electronic component that has 
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Photo1.4. Power leads clipped to I.e.d. 
and resistor experiment. 


thousands of members in its enormous 
range of families, and which includes not 
only such simple items as l.e.d.s, but also 
the highly sophisticated microprocessor 
that controls your computer. 

What you have been shown is that semi- 
conductors will (normally) only work in a 
circuit if they are connected to its power 
supply the correct way round. There are 
other components, too, which are equally 
dependent for their correct operation on 
being connected the “right”’ way round. We 
shall say more on this as we progress 
through the Teach-In series. 

With the l.e.d. positioned in its “glowing” 
direction, and with the battery disconnected, 
unplug the resistor, turn it round and plug it 
back in. Reconnecting the battery, the l.e.d. 
should still glow. A simple second lesson, but 
just as important — resistors are components 
that are quite content to be connected either 
way round into a circuit. 

What we have also implied through the 
above examples is that power supplies 
should always be disconnected or switched 
off before physical changes are made to any 
circuit. Always do so, even if we don’t actu- 
ally say so each time a change is suggested. 


MARKED DIFFERENCE 


Now find a resistor whose bands are 
brown, black, red and gold, and another 


CLIP BATTERY +VE 
LEAD HERE 


RESISTOR 


CLIP BATTERY -VE 
LEAD HERE 


Fig.1.3. Component positions and bat- 
tery lead connections for the I.e.d. and 
resistor experiment. 





whose bands are red, red, brown and gold. 

In turn, plug these resistors into the 
board in place of the original one. What do 
you observe with each of them? The l.e.d. 
glows less brightly with the brown, black, 
red and gold resistor, but glows much more 
brightly with the red, red, brown and gold 
one. Now try a brown, black, yellow and 
gold resistor — no glow at all! 

Why the difference in l.e.d. response to 
components that look the same physically? 
Well, that is the aim of this Teach-In — to 
tell you about not just resistors, but other 
important types of component as well, in 
such a way that you understand how they 
behave and how you can use them to per- 
form meaningful tasks in circuits of your 
own invention. 

The lesson you should learn from this 
last experiment is that components may 
look alike, but identifying marks (in this 
case coloured bands, but may be numbers 
and letters in other instances) are vitally 
important — they state a component’s 
“value”’. 

What that information conveys depends 
on the component type involved, but in the 
case of resistors (whose nature will be 
explained more fully later) it states the 
amount of “resistance”’ that they offer to 
electrical current when it flows through 
them. 

Each of the three resistors you’ve just 
used have different amounts of resistance, 
and the colour code, once you know how to 
read it, tells you that value. The observed 
response of the l.e.d. depends on the volt- 
age applied to it and the amount of resis- 


tance that the voltage has to flow through. . 


We shall presently look at resistors in 
detail, but first let’s examine colour codes. 


BASIC COLOUR CODES 


Whilst resistors are a prime example of 
components that are likely to be colour 
coded, others such as capacitors, diodes, 
inductors, transformers, ribbon cables, con- 
necting wires, plugs and sockets often use 
them as well, although perhaps not quite so 
widely. 

Consequently, one of the most important 
skills that any would-be electronics con- 
structor should acquire is the ability to cor- 
rectly read colour 
codes. 

First, then, let’s help 
you to become familiar 
with the basic colour 
codes and the numbers 
that they represent. The 
way in which groups of 
colours are interpreted 
on the components 
themselves will be 
described when we dis- 
cuss those items. The 
10 basic colours are 
allocated as in Table 
1.1. As we shall reveal 
later, however, they are 
not the only colours 
available, although the 
remainder are not used 
in the same way. 

We have set up a 
simple computer pro- 
gram which will help 


Table 1.1. Basic colour codes used 
in electronics. 


Colour Coded Number 
Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Grey 
White 


OONOARWNM—-O 





values, and to prove to yourself that you do 
actually remember them. 

Run the Teach-In software program and 
select Menu Basic Colour Codes. In the 
middle of the screen you will see the 10 
colour codes, not only numbered and 


named as in Table 1.1, but also with their 


colours alongside them. Do be aware, 
though, that the limits of the computer 
screen prevent the colours from appearing 
in exactly the same hues as you might see 
on actual components. 

It has to be said, however, that there is no 
full standardisation on the exact hue that 
might be printed on components by their 
manufacturers — they seem to take very 
wide artistic licence on occasions. It’s not 
uncommon, for instance, that it may be dif- 
ficult sometimes to differentiate between 
one manufacturer’s red, and another’s 
orange. 

However, what you see on the screen 
(your computer being satisfactorily set-up, 
of course — and not driving a black and 
white monitor!), should be sufficient to get 
you well acquainted with colour codes. 

Press <S> to select Self-Test On/Off. A 
“questions” box appears to the right of the 
colours display (Photo 1.5), and the colour 
order in the main box changes and the 
values disappear. Your task is to use the 
cursor arrows to select the colour whose 
number is given in the question. 

A random number generator variously 
selects questions on colours and values. 
Correct answers earn you points. So give 
yourself a test! 

Pressing <A> provides the answer if you 
want it, and <S> re-displays the correct 


meat | 
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you to learn these Photo 1.5. Section of the computer program dieniey Wich 
colour codes and their invites you to test your knowledge of colour codes. 
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colour code sequence and its numbers. 
Pressing <M> returns you to the main 
menu. 


RESISTORS 


With basic colour codes under your belt 
(or at least on visual display demand if nec- 
essary), let’s see how they apply to one par- 
ticular group of components, resistors. 

But, we ask ourselves back at Editorial 
HQ, do you who are reading this actually 
know what a resistor is? Perhaps not, even 
though you’ve just been using some, so 
perhaps we should explain matters (and 
apologise to those of you who do know for 
taking up your time — but why not read it 
anyway, you might be reminded of some- 
thing you’ve forgotten). 

It’s inevitable, of course, that in explain- 
ing resistors we have to use some terms 
which you might not be familiar with yet. 
Such terms will be covered as we progress 
through the Teach-In series, and we expect 
that eventually you will want to re-read the 
series from the beginning, at which time 
things will begin to slot more firmly into 
place if they haven’t already. 


BLOW THAT WORM! 


Let’s give you an analogy about resis- 
tance (no, not using water this time). You 
can be the pushing power instead of the 
weight of a tank of water. 

Take a deep breath and see how easily 
you can blow it all out again. Not very hard 
is it? What about if you try to blow it out 
through a tube, a bit of garden hose? 
Slightly easier once you’ve blown out the 
worms, but still quite hard. Now do it 
through a drinking straw — really hard, and 
you probably fail to breath out fully before 
you need to take another breath. 

So what is it that makes the ease of blow- 
ing out so different between the three meth- 
ods? Yes, its the diameter of the hole you 
are blowing through — big cake hole (!), 
medium pipe hole (smaller with the worm 
at home!), small straw hole; and what are 
the holes doing to the flow of air as you 
breath out? They are resisting it! 

In electronics, a similar situation can be 
said to apply to the way that electrical cur- 
rent flows out from a battery (say) — the 
amount by which it flows in a given period 
of time is relative to the “hole size” of the 
object through which it flows, i.e. to the 
resistance that the object offers to the elec- 
trical current. Although, of course, resistors 
don’t actually have holes in them, unless 
someone’s been malicious! 


THE OHMS HAVE IT 


As you will discover in due course, 
everything offers different amounts of 
resistance to electrical current flow, from 
almost utterly-totally-nil to almost 
absolutely-never-to-be-penetrated total 
refusal. 

Any material that permits an electrical 
current to flow through it is known as a con- 
ductor. But, all conductors, however good, 
try to resist the electricity flowing through 
them, in other words, they all have resis- 
tance. Even the copper wire which carries 
electrical current into the appliances in your 
home has resistance. It may be small when 
measured on a meter, but it’s still there. 

Conversely, some materials have a resis- 
tance to electrical current flow which is so 
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great that, to all intents and purposes, they 
can be regarded as non-conductors or insu- 
lators, such as rubber and many plastics, for 
example. 

The amount of resistance which a con- 
ductor has is expressed as a value in units 
called ohms (in honour of Georg Ohm, a 
Bavarian pioneer in the investigation of 
electrical phenomena, born 16-3-1789, 
died 16-7-1854). 

The symbol for ohms as a unit is Greek 
omega, 22. However, you may often see 
capital R used in place of Q since not all 
typing equipment can produce an Q sym- 
bol! (Not all computers have the symbol 
either — the Teach-In software uses the term 
ohm (or capital R) rather the symbol Q to 
keep it compatible with readers’ different 
system types.) 

It might be said that the whole function 
of electronics as a technology is to control 
the rate and amount by which electrical 
current flows from one place to another. 
Generally speaking, while the current is 
flowing, it is expected 
to actively do some 
work: drive the loud- 
speaker that shatters 
your hearing, create 
that enthralling games 
display on your com- 
puter screen, cook your 
microwave snack for 
the correct time (some- 
times!), and so on. 

There are, though, 
some components 
which are manufac- 
tured to control the 
electrical flow in a | 
passive and far less || 
dramatic fashion. | 
Amongst them are the ™™s** 
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zig-zag symbol is the one on which we at 
EPE have standardised, inheriting it from 
the original publishers of EE and PE before 
the merger, IPC Magazines, who first intro- 
duced many of the UK’s leading electron- 
ics publications. The symbol’s history dates 
well back to earlier years of the 20th 
Century, and could even be older, maybe 
Georg Ohm invented it. 

In circuit diagrams and constructional 
charts, a resistor’s numerical identity is 
usually prefixed by ‘R’, e.g. R15. 

Since most resistors you are likely to 
encounter will have their values shown as 
coloured bands, we’ll discuss those next. 


RESISTOR COLOUR 
CODE PROGRAM 


We’ve set up a computer program that 
illustrates how the values for resistors are 
expressed in ohms and how those values 
are shown as colour codes. So, from the 
software’s main menu, select Resistor 
Values and Colour Codes. 


VALUE CONTROLS : + - # ¢ | 
SELF-TEST ON/OFF: 8 id 


group which are actu- Proto 1.6. Resistor values and colour codes displayed on 
ally named for their the interactive computer screen. 


ability to resist the 

flow, resistors. It’s 

astonishing what can be achieved by 
something that just resists when it is used 
in conjunction with something else that 
inhibits or encourages electrical flow. 

The purpose of resistors, then, is to pas- 
sively limit or set the flow of current 
through a particular path in an electrical 
circuit. It is reasonable to say that, how- 
ever complex the circuit in which they are 
used may appear, this is their primary 
function. 

There are many ways in which the attrib- 
utes of that function can be exploited in 
conjunction with other components to 
achieve not only simple results, such as 
producing a voltage drop at a particular 
point in a circuit, but also more sophisticat- 
ed results, such as helping to determine the 
rate at which some other change occurs. 

You will encounter two symbols used in 
electronics to represent a resistor in circuit 
diagrams. They are shown in Fig.1.4. The 


Fig.1.4. The symbols commonly used 
to represent a resistor. 


There is a great deal of useful information 
available to you from this facility. Primarily, 
you have the main colour codes that you 
examined (and learned, we hope) in menu 
selection 1 (see Photo 1.6). Above it are two 
additional colours which, had the screen been 
capable of it, would be seen as silver and 
gold, but we have to make the best of using 
their names plus colours of grey and yellow 
to represent them. 

Horizontally near the bottom is the rep- 
resentation of a resistor having four colour 
bands. Looking vertically above these 
bands you will see four arrows, three point- 
ing left and one pointing right. The arrows 
point to the same colours that you see in the 
resistor bands below them. These arrows 
are under your control using the keyboard 
cursor keys, up, down, left, right. Try them. 


MEET THE BANDS 


While moving the arrows, you will see 
that the details at the top right of the screen 
change as well. You should begin to recog- 
nise a pattern in the Resistance Value num- 
ber in relation to the arrow positions and 
associated colour numbers. Let’s explain it. 

Most resistors which you will be 
required to use in your early days of learn- 
ing about electronics are likely to have four 
coloured bands. The bands are read from 
left to right, with the resistor facing in the 
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direction as shown on-screen — the colour 
group to your left. They are named in left to 
right order as Bands 1, 2, 3 and 4. (Band 4 
may be further to the right on some resis- 
tors.) Also see Fig.1.5a. 

Bands 1 and 2 provide the first two digits 
of a resistor’s value, and Band 3 provides a 
multiplying value (shown in decimal on the 
left of the screen) which is applied to the 
basic value. The number of zeros for each 
multiplying factor is the same as the num- 
ber of the colour code that represents it, e.g. 
blue = six zeros = a multiplying factor of 
1000000 (1 million). 

You will also notice that there are multi- 
pliers of 0-1 and 0-01, represented by gold 
and silver bands respectively (if only the 
screen could show it better!). 

Resistance values below 1000 are shown 
in units of ohms, they are then shown in 
kilohms until 1000000, when they are 
expressed in megohms. There is also a third 
term which you may encounter, giga — 
1000 million times, e.g. gigohms. 

While you are using the arrows to get the 
hang of the colour banding system, also 
look at the Nearest E24 Value at the top 
right of the screen. You will see that it does 
not always follow the Resistance Value 
answer. This is not because the answer is 
wrong, but is because that particular value 
is not manufactured in the range known as 
the E24 Range (see Panel 1 — Resistance 
Ranges). 

Apart from using the arrows to set the 
values, there is another way to set them 
using the arithmetic keys, + — * /. Try 
them and watch how not only do the 
numeric values change, but the arrow 
positions and the coloured bands on the 
resistor as well. 


RESISTOR CODES 
SELF-TEST 


Pressing <S> clears a fair bit information 
from the screen leaving you with a colour 
chart, some arrow positions, a coloured 
resistor and randomly selected questions to 
answer. 

Pressing <A> or <ENTER> provides 
the answer, <S> returns the full screen 
information, and <M> returns the main 
menu. 


MORE ON RESISTOR 
CODES 


Up to a resistance tolerance of 1% and 
a power rating of one watt (tolerance is 
discussed in moment — and power factors 
another time), resistors are labelled in the 
colour coded fashion you’ve just been 
examining. From 0-5% tolerance and two 
watts rating, the values are given in fig- 
ures. There are exceptions to both these 
conventions. 

Many of the colour-coded resistors 
which you will normally encounter are 
likely to have a tolerance of 5% or 
greater (we specified 5% for those you 
have bought), and will have four 
coloured bands as we’ve_ shown, 
although the fourth band may be further 
away from the other bands than is shown 
on your screen. 

AS a re-cap away from the computer, the 
colours used on the four-band resistors 
we've been discussing are summarised in 
Table 1.2. The codes have been established 
by international agreement. 


Fig.1.5. Resistors 
having four 
coloured bands 
are those you will 
normally 


1ST BAND 
1ST FIGURE 


encounter, but 5- 
banded resistors 
also exist. 


1ST BAND 
1ST FIGURE 





2ND BAND 
2ND FIGURE MULTIPLIER 


2ND BAND 
2ND FIGURE 





4TH BAND 
TOLERANCE 


3RD BAND 


3RD BAND 4TH BAND 
3RD FIGURE MULTIPLIER 


5TH BAND 
TOLERANCE 


PANEL 1 — RESISTANCE RANGES 


If you count all the E24 answers given 
by the computer display for all the 
Resistance Values between, say, 10 and 
99, you will find that there are 24 of them, 
which is what E24 means — 24 values to 
the multiplier decade. 

There are other ranges manufactured as 
well: E6, E12, E48, E96, for example, 
each having the number of values per 
decade as indicated by the “E”’ value. 

Standard resistor values within the 
ranges may at first sight seem to be 
strangely numbered. There is, though, a 
simple logic behind them, and it is to do 
with the tolerance ranges available. 

In fact, there’s not really very much to 
the concept of tolerance: it’s just that 
when anything is manufactured in quanti- 
ty, it is expensive to ensure that every sin- 
gle aspect of each and every individual is 
absolutely identical. Nor is it necessary in 
many applications that absolute identical- 
ness should be achieved — some situations 
can accept wider variations than others, 
i.e. they are more tolerant. Where a wider 
tolerance can be accepted, so the manu- 
facturer can produce the product more 
cheaply. 


PERCENTAGES 


With resistors, for example, values can 
be categorised as being within so-many per 
cent of the nominal value, within ten per 
cent of it for example, which would be 
expressed as +10% (or, somewhat loosely, 
just as 10%). In other words, a resistor said 
to be 100 ohms +10% could have an actual 
value that is 10% above or 10% below 100 
ohms — i.e. from 90 ohms to 110 ohms. A 
100 ohms 1% resistor, though, could have 
an actual value of between 99 ohms and 
101 ohms — but it will cost more than the 
10% type. As a constructor, you will 
normally use 5% resistors. 

The “E” series values are based on toler- 
ances of +0-5%, +1%, +2%, +5%, +10% 
and +20%, and are respectively known as 
the E192, E96, E48, E24, E12 and E6 
series, the number indicating the quantity 
of values in that series. Thus, if resistors 
have a value tolerance of 5%, for example, 
a series of 24 values can be assigned to a 
single decade multiple (e.g. values from 1 
to 9, or 10 to 99, or 100 to 999 etc.) know- 
ing that the possible extreme values of each 
resistor overlap the extreme values of adja- 
cent resistors in the same series. 

Work it out for yourself for the follow- 
ing 24 values which comprise the E24 
(5%) series: 
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1-0, 1-1, 1-2, 1-3, 1-5, 1-6, 1-8, 2-0, 2-2, 
2:4, 2-7, 3-0, 3-3, 3-6, 3-9, 4-3, 4-7, 5-1, 


_ 3:6, 6-2, 6:8, 7-5, 8-2, 9-1 


You probably noticed a sequence like 
this when using the arrows and other con- 
trols on the screen. 

As another example, the E6 (20%) 
series simply has six values, as follows: 

1-0, 1-5, 2-2, 3-3, 4-7, 6-8 

Any of the numbers in an E series can 
be applied to any decade multiple set. 
Thus, for instance, multiplying 2-2 by 
each decade multiple (1, 10, 100, 1000 
etc.) produces values of: 

2:2 (2022), 22, 220, 2200 (2k2), 22000 
(22k), 220000 (220k), 2200000 (2M2) 


WITHOUT A POINT 


Note an interesting point about the 
alternative way of expressing the deci- 
mal point for some of these numbers, as 
shown in brackets: the use of Q, k and 
M. This is another answer to a typing 
problem! The decimal point in a num- 
ber may not always be printed clearly, 
and the alternative display method is 
intended to help avoid misinterpretation 
of component values in circuit diagrams 
and parts lists (and on the components 
themselves when colour coding is not 
used). 

These value series apply not only to 
resistors, but to capacitors and inductors as 
well. For the latter components, (micro), 
n (nano), p (pico) may be used in place of 
the decimal point, e.g. 2u2, 2n2, 2p2. 


DISPLAY RANGE 


Now you will understand why the 
E24 value on your computer display 
does not necessarily tie in with the 
Resistance Value. We could have pro- 
grammed the software for other ranges 
too but, frankly, for most of what you 
are likely to design or construct, the E24 
series is going to be the principal one 
you use. As far as this Teach-In is con- 
cerned, we specified resistors having 
only three values to the decade, 1, 2:2, 
4-7. This was to keep down the cost, but 
other values will find their uses in other 
applications. 

You should now also understand the 
other three (middle) lines of the top right 
group in the computer display for resistor 
values — Resistance Min-Max and 
Spread. The use of arrow 4 should now be 
apparent, it lets the program select and 
calculate the tolerance factors without 
you troubling your pocket calculator. 
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Table 1.2. Colour codes for resistors 
Colour Figure Multiplier Tolerance 


Silver - 0-012 10% 
Gold - 0-12 5% 
Black 0 1Q _ 
Brown 1 1002 1% 
Red 2 100 2% 
Orange 3 1kQ - 
Yellow 4 10kQ ~ 
Green 5 100k 0:5% 
Blue 6 1MQ 0:25% 
Violet 7 10MQ 0:1% 
Grey 8 100MQ ~ 
White 9 - 





Life can get a bit more complicated 
though — colour coded resistors of 2% or 
less may have more than four bands, such 
as the example shown in Fig.1.5b. So let’s 
briefly compare the way in which four and 
five banded resistors are “decoded”’. 

Noting the way in which the resistors are 
shown in Fig.1.5a, and reading from left to 
right, the four band example is interpreted 
as: 


Band 1: brown = 1 

Band 2: black = 0 

Band 3: red = 2 (102 = 100) 
Band 4: gold =5 


indicating a resistor whose value is 10 x 102 
= 1000 = 1k, with a tolerance factor of 
5%. 

The five band example is interpreted as: 


Band 1: red =2 

Band 2: yellow = 4 

Band 3: black = 0 

Band 4: black = 0 (10° = 1) 
Band 5:red =2 


indicating a resistor whose value is 240 x _ 


10° = 240Q, with a tolerance factor of 2%. 

Examples of the way in which resistors 
have their value printed on them in figures 
instead of colours are given in Table 1.3, 
which shows the internationally recognised 
coding. 

Observe in Table 1.3a how the decimal 
point is expressed, that the ohm symbol is 
shown as an R, and that 1000 is shown as a 
capital K. Note that although capital K is 
commonly used in circuit diagrams and 
parts lists to mean 1000 ohms, lower case k 
is generally to be preferred since capital K 
has widely become used in computing to 
mean 1024 (219, which has significance as 
a ‘round’ binary number (10000000000). 
Binary numbers will be discussed (and 
actively illustrated on the computer) in a 
future part of Teach-In. 


Table 1.3a. Example labelling of 
resistors in figures. 





Figure Code 
0-10 Q R10 
0-33 Q R33 
1-0 Q 1RO 
1-33 Q 1R33 
10:1 Q 10R1 
100 Q 100R 
1 kQ 1KO 
10 kQ 10K 
100 kQ 100K 
1-0 MQ 1MO 
10 MQ 10M 
100 MQ 100M 
1 GQ 1G0 
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PANEL 2 — RESISTOR FACTS 


In manufacturers’ data sheets, several 
parameters will be quoted about the nature 
of a particular type of resistor. One factor 
which will be specified is the material 
from which it is made, i.e. whether it is 
made from carbon, or a ceramic material, 
or a metal oxide or even made from wire 
wound around its body. 

The principal parameters for a resistor 
are: 

@ Resistance value, which may be 
expressed in ohms (Q), thousands of 
ohms (kilohms or just k®, or some- 
times KQ) or millions of ohms 
(megohms or MQ2) 

@ Power rating in watts (W) 

@ Resistance tolerance, expressed as a 
percentage of its set value, e.g. +5% 

@ Temperature coefficient, expressed as 
the amount by which the set value will 
change with temperature, variously 
expressed as parts per million (ppm) or 


percentage change per degree Celsius 

(%/°C). 

The significance of a resistor’s power 
rating and temperature coefficient will be 
discussed in another part of Teach-In. 


Table 1.3b. A further letter is then 
appended to indicate the tolerance. 


Letter Tolerance 
F +1% 

G +2% 

J. +5% 

K +10% 

M +20% 





RESISTOR QUALITIES 


You have discovered that resistors allow 
current to flow in either direction and offer 
the same amount of resistance to it in which 
ever direction it flows. In other words, its 
resistance value is supposedly fixed during 
manufacture — within the tolerance factor 
discussed in Panel 1. 

However, this “fixedness’’ is not an 
absolute value true at all times and in all 
situations. It is a value that exists only 
under a given set of circumstances. Internal 
and external factors can affect the actual 
value of a resistor, such as the amount of 
heat to which it is subjected, for example. 

The way in which a resistor varies its 


“nominal” value depends on how it is man- — 


ufactured, some information on which is 
given in Panel 2. 


Some common types of resistor are: 

@ Carbon film/ceramic: normal require- 
ments 

@ Carbon 
demands 

@ Carbon film/ceramic: precision resistors 

@ Carbon film/ceramic: low drift/high 
reliability 

@ Metal oxide film: heat resistant to 
venus 

@ Wire-wound: different constructions for 
high loads and specialised applications 

Carbon film resistors are those you are 
most likely to encounter in constructional 
projects, although metal oxide are not 
uncommon. 

Resistors are available as individual com- 
ponents and also as resistor modules in 
which several resistors are enclosed in a sin- 
gle package, with the connecting pins 
arranged either as single-in-line (s.il.) or 
dual-in-line (d.i.1.) configurations (the latter 
look similar to integrated circuits — discussed 
in other parts of this series). The internal 
arrangement of the resistors within the mod- 
ule may be several individual resistors, or a 
network configuration, as shown here. 


film/ceramic: increased 


TOP VIEW 


NOT TO SCALE 





OTHER RESISTIVE 
COMPONENTS 


We commented earlier that everything in 
nature has varying degrees of resistance to 
an electrical current, from practically nil to 
practically infinite. The resistors we have 
been discussing are just one class of com- 
ponent whose basic resistance is pretty well 
fixed. Not surprisingly, this class is more 
strictly referred as “fixed resistors”. 

There several other classes of resistive 
component, however, whose nature will be 
discussed in future parts of Teach-In. They 
include components whose resistance 
changes in response light level, tempera- 
ture, voltage, humidity and pressure, and 
are known as sensor resistors. 

Another group provides variable resis- 
tance according to the position of a mov- 
able contact. These components are usually 
known as potentiometers. 

For this month, though, we’ve come to 
end of Tutorial 1. But we hope you will 
now turn to the Experimental article. 

Next month we introduce you to capaci- 
tors, and what happens when they are 
connected to resistors — it’s all to do with 
timing. 
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MEASURING AND CALCULATING RESISTANCE 


said that you should acquire a digital 

multimeter. Here’s your first opportuni- 
ty to put it to use — measuring resistance. 

Plug the black lead into the socket 
marked COM, and the red lead into the V- 
OHMS socket, and switch on. Switch to the 
highest OHMS range and clip the leads to 
either side of one of your resistors selected 
at random. 

Now switch the OHMS range until a sen- 
sible-looking reading is shown on the 
meter’s display. How does this value com- 
pare to that indicated by the colour code on 
the resistor? 

Express the difference between the actu- 
al reading and the coded value as a per- 
centage, and satisfy yourself that the value 
is within the tolerance indicated by the tol- 

erance band on the resistor. 
Refer back to the Colour Codes program 
if you’ve forgotten how the codes are 
interpreted. 

Also satisfy yourself that you get the 
same reading whichever way round you 
connect the probes. 

What you may find, however (and inter- 
estingly), is that the decimal places of the 
value may change if the temperature of the 
resistor changes between the readings. Try 
warming the resistor by holding its body in 
your fingers between one reading and 
another. 

Check out a few more resistors for their 
coded and actual values. Indeed, if you’ve 
bought the mixed selection bag of resistors 
suggested in the Introduction, take this 
Opportunity to sort the them. Small press- 
to-close clear polythene bags are ideal to 
keep them in once categorised, with self- 
adhesive labels stating the enclosed value 
(the coded value, not the meter-read value). 

You will thank yourself later for taking 
this trouble now. The sorting will also help 
to reinforce your immediate recognition of 
a resistor’s value from its colour code. It 
soon becomes instinctive for most common 
values (and what are common values? you 
may ask — that too you will soon get to 
know). 


|: the Introduction to this Teach-In, we 





Fig.1.6. Examples of resistors in series (a and b) and in 
parallel (c and d). 





Fig.1.7. Measuring the resistances of two (a) and three (b) serially-connected resistors. 


RESISTORS IN SERIES 


Two terms you will frequently encounter 
are serial and parallel. They describe how 
two or more components are joined togeth- 
er. Serial connection means a chain of com- 
ponents joined as shown in Fig.1.6a and 
Fig.1.6b. Parallel connection refers to the 
configuration in Fig.1.6c and Fig.1.6d. 

It is frequently necessary to connect 
resistors together for a variety of reasons, 
and to be able to calculate a number of 
values that result from that connection. 
Let’s take two resistors in series and see 
what we can establish from them. Select 
any two resistors of roughly adjacent val- 
ues, e.g. 47kQ and 100kQ (call them R1 
and R2), and plug them into your bread- 
board as shown in Fig.1.7a. 


Photo 1.7. 
Three resistors 
in series on the 
breadboard. 
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First measure the actual resistance of 
each resistor in turn, making a note of it. 
Then connect your meter probes to either 
end of the chain and note the reading. Add 
the two individual readings together and 
compare to the reading across the whole 
chain. How do the two results compare? 

Yes, they are equal (within the accuracy 
with which you actually took the readings). 

Add another resistor (call it R3) to the 
chain as shown in Fig.1.7b, another 100kQ, 
for example. Measure the resistance across 
R3 and note it. Then measure the resistance 
across the whole chain. Now add the indi- 
vidual values of all three resistors together 
and compare with the total chain value. Yes, 
again the two are identical. 

From this we can say that the total resis- 
tance across any quantity of resistors in 
series is equal to the sum of their individual 
values. In other words we can say that: 


Total resistance = R1+R2+R3... etc. 


POTENTIAL DIVIDER 


Let’s now put battery power across some 
resistors in series and see what voltage we 
can find at their junctions. This configura- 
tion is known as a potential divider, 
because the potential (battery voltage in 
this case) is being divided by the resistors 
to produce the voltage at their junction. 

For starters, we’ll examine two 10 kil- 
ohm resistors in series. Connect them and 
your 6V battery as shown in Fig.1.8a. 
The equivalent circuit diagram is shown 
in Fig.1.9. Insert 1mm pins (or short 
lengths of solid-core wire) into the posi- 
tions shown in Fig.1.8 for the power con- 
nections, and then clip the power leads to 
these pins. 
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Fig.1.8. Measuring the voltages across two (a) and three (b) 


resistors in series. 


BATTERY 


Fig.1.9. Equivalent circuit for two resis- 
tors in series across a power supply. 


Switch your meter to the first range 
above 6V d.c. With the black lead on the 
battery’s ‘“—”’ (negative) terminal (call this 
point OV — “‘nought-V’’) and the red one on 
its “+” (positive) terminal (call this point 
Vin — ‘““V-in’’), measure the actual voltage 
being supplied by the battery. For this dis- 
cussion we will assume that it is exactly 6V. 

With the black lead still on “—”’, touch 
the red lead to the junction of the two resis- 
tors (call this junction Vout — 
V-out’’). What voltage do you read at Vout? 
It should be half the battery voltage, 3V. 
Does this surprise you? It shouldn’t 
because the reason is perfectly logical. 

The two resistors have the same value 
and so the voltage drops equally across 
both of them. Vout is therefore half of Vin. 
This fact is true whenever two resistors of 
the same value are connected in series 
across a power supply. Substitute any other 
two resistors of the same value (say two 47 
kilohm resistors) for the two 10 kilohm 
ones and check this out. Try it for other 
pairs as well. 


RATIOS 


What happens, though, when two resis- 
tors in a chain do not have the same value? 
Well, it’s just a matter of ratios: 

Referring to Fig.1.9, you take the value 
of the total resistance across both resistors 
(R1+R2), divide this value into that of the 
resistor at the bottom of the chain (R2), and 
then multiply the answer by the total volt- 
age across both resistors (Vin). In other 
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words, and referring 
to Fig.1.9, the calcula- 
tion required can be 
summarised as: 


Vout = 
R2/(R1+R2) x Vin 


In Fig.1.9, let’s say 
R1 is 100kQ2 and R2 is 


tance of R1+R2 is 
147kQ, call it RT. We 
know that the battery 
voltage (Vin) is 6V, so 
we can say that the 
voltage at Vout can be 
expressed as: 


Vout = 
R2/RT x Vin 


Substituting — the 
known values, we get: 


Vout = 
47kQ2/147kQ2 x 6V = 
1-918367V 


which is near enough equal to 1-9V. 

With R1 and R2 (at the new values) 
inserted into your breadboard as shown in 
Fig.1.8a, check this out with your meter. 





Fig.1.10. Equivalent circuit for three 
resistors in series across a power 


supply. 


Supposing, though, you had three resis- 
tors in series, as in Fig.1.10, how do you 
calculate the voltages at junctions Voutl 
and Vout2. Well, again it’s very simple: RT 
becomes R1+R2+R3 and you write the for- 
mulae to read: 


Voutl = (R2+R3)/RT x Vin 
Vout2 = R3/RT x Vin 


or just: 
Vout = Rx/RT x Vin 


where Rx is the total resistance of all the 
resistors in series below the junction whose 
voltage (Vout) you need to know. Check 
this out with any three resistors in your 
breadboard as in Fig.1.8. 

We expect you will appreciate that this 
principle can be applied to any number of 
resistors in a serial chain — which observa- 
tion suggests another experiment for you: 

Chain as many resistors of whatever 
value you like and connect the battery 
across them. Now calculate the voltages 
you expect to find at each junction, and 
then use your meter to check the actual 


47kQ. The total resis-. 








Fig.1.11 Measuring the resistance of two 
(a) and three (b) resistors in parallel. 


voltage against your calculation. (There is, 
though, a cautionary note presently — Meter 
Resistance — about the meter itself actually 
affecting the accuracy of the readings. If 
your voltage readings are not quite what 
you calculate, it may be the meter to blame, 
not your brains!) 


RESISTORS IN PARALLEL 


Look back at Fig.1.6 where examples of 
resistors in parallel are shown (Fig.1.6c and 
Fig.1.6d). That’s what we shall discuss 
now. Connect two 10kQ resistors (R1, R2) 
into your breadboard as shown in Fig.1.11. 
What do you think is the total resistance 
that your meter will show when connected 
across them? 

Hopefully, youll respond in a flash: 
“half of 10kQ”! Yes, of course it is, it’s 
5kQ — prove it on your meter’s ohms scale. 
Any two equal value resistances in parallel 
will have a total resistance of half the value 
of one of them. 

What, though, if two parallel resistors 
have different values? Sad to say, it now 
becomes a bit more complex, but not a lot! 
There is a simple formula that expresses the 
way to do it: 


RT = 1/(Rx1+Rx2) 


where Rx1 = 1/R1 and Rx2 = 1/R2. 

Such calculations, of course, really need 
your calculator to work out the one-divide- 
by bits. But if you take it in small steps it’s 
quite straight forward, even if a bit tedious. 

First, let’s prove the formula using two 
equal value resistors, the two 10kQ just 
mentioned (remember that 10kQ actually 
means 1000092): 


For R1, Rx1 = 1/R1 = 1/10000 = 0-0001 





Photo 1.8. Breadboard with three 
resistors in parallel. 
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We know that R2 = R1, there- 
fore Rx2 = 0-0001. 

Add Rx1+Rx2 (= 0-0002) to 
produce an intermediate answer 
(call it Ry). 

Now RT = 1/Ry = 1/0-0002 = 
5000 = 5kQ. Point proved! 

Now try it for R1 = 100kQ and 
R2 = 47k. Do you get answer of 
31-97279kQ (or very close to it)? 
Good, you’ve got it! 

Right then, next stage — more 
resistors in parallel. Easy, you just 
extend the formula: 


RT = 
1/((1/R1)+(1/R2)+(1/R3)+(etc)) 


Let’s try you with three resistors 
in parallel: 100kQ, 47kQ and 10kQ. 
If you get an answer of 7-617504kQ 
(or very close to it) then you really 
have understood. Try this out with 
the resistors in your breadboard as shown in 
Fig.1.11 and Photo 1.8. 

You will have noticed that twice we’ve 
said “or very close to it’”’. Different calcula- 
tors may well give slightly different num- 
bers for the final decimal places — this is 
quite normal and, generally speaking, of 
little consequence. In many instances, all 
you may really need to know is the answer 
rounded to two decimal places (even fewer 
on occasions!). 

The answers we’ve given were calculated 
by our Jeach-In software. Run it and select 
menu option Resistors in Series and Parallel. 
This program illustrates examples of resis- 
tors in series and parallel, plus formulae, and 
the option to change the values allocated to 
the resistors, see Photo 1.9. 

At the top right you will see R1 high- 
lighted. Its value can be changed by use of 
the arithmetic keys (+ — * /) on your key- 
board — try them. Then use the up/down 
arrow keys to change the highlight to one 
of the other three options, R2, R3 and V. 

When highlighted, any option’s value 
can changed. Resistor values are those 
from the E24 series from 1 ohm to 1 
gigohm (1000 megohms). The <+> and 
<-> keys step up and down in single E24 
values, <*> and </> keys step up and down 
in decade multiples. 

The volts range is from 1V to 10V, 
always in steps of 1V which ever arithmetic 
key is pressed. 
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Photo 1.9. Resistors in series and parallel, with calcula- 
tions, displayed on the interactive computer screen. 





Fig.1.12. Why a meter (represented by 
resistance Ry) affects the voltage 
reading at resistor junctions. 


You will notice that whenever any value 
is changed, the formulae are recalculated 
for that new value. Note that answers may 
sometimes be expressed with an ending 
such as E-02. This simply means that the 
preceding value has to be multiplied by 
10-2. For example 4-678013E-02V = 
4-678013-2 = 0-04678013V. 

You will notice that current flow values 
are also shown. They will be discussed on 
another occasion. 

Ah, and now you’ve spotted that enticing 
Seft-Test option! Press <S> to enter it. 

There’s little to say about what you now 
see on the screen — except that you need to 
follow the instructions that have appeared. 
On a random basis, the computer selects 
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the questions it wants you to 
answer. They are all to do with 
what you have been told about 
resistors in serial and parallel. 

You select the value for the 
resistors in question, calculate 
your answer and then tell the com- 
puter to show the answer it has cal- 
culated. Your aim, of course, is to 
achieve the same answer. In prac- 
tice, your answer may be slightly 
different from the computer’s for 
the final decimal places, for the 
reason discussed earlier. 

It is for this reason that you are 
not asked to key-in your answer 
for it to be checked by the comput- 
er, with points being awarded 
accordingly. 

When you’ve tested yourself as 
much as you want, press <S> to 
return to the previous full-data 
screen, or <M> to return to the 
main menu. 


METER RESISTANCE 


Just one final point: when measuring the 
voltage at serial resistor junctions, the 
resistance of the meter itself can affect the 
reading in some situations (see Fig.1.12). 
The meter’s resistance (Rm) is seen by the 
serial circuit as resistance in parallel with 
that below the junction (R2), and the junc- 
tion voltage falls accordingly. This effect 
will be most obvious when high values of 
resistance form the chain. Note that ordi- 
nary analogue meters have a much lower 
internal resistance than the digital type 
which (we hope) you are using. 

Why not check out your meter now? 
Connect two 10MQ resistors in series 
across your 6V supply. If your meter were 
perfect and had absolutely infinite resis- 
tance, you would normally expect to see 
exactly 3V at the junction of two (exactly) 
10MQ2 resistors in series across (exactly) 
6V. What voltage reading do you see on 
your meter? Can you work out its resis- 
tance from this reading? We shall refer to 
this matter again in Teach-In Part 2. 

We'll have more Teach-/n intriguements 
next month — join us! 
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Vibralarm 

The main cause for concern when collecting together the parts 
~ needed for the Vibralarm project will be a source for the delicate 
bi-morph vibration sensor. This is a piezo ceramic element and 
was purchased from Electromail ( @ 01536 204555 or RS 
http://rswww.com), quote code 285-784. The lowest order quantity 
listed is 5 off (£1.45 each). Being such a fragile element, it may not 
be such an expensive investment! 

Next on the list of “hard-to-find” are the resistors. The 100 
megohm (100M) cermet film fixed resistor and the 10M preset 
potentiometer also came from the above company; quote codes 
158-222 and 387-048 respectively. 

Instead of a single 100M resistor, you could use three 33 
megohm “high voltage” resistors from Maplin, code V33M. These 
would need to be connected in series, zig-zag fashion, and the 
remaining two ends soldered to the R2 pads on the p.c.b. The micro 
piezo siren used in the model was also obtained from Maplin, code 
JK42V. 

Once again, Electromail was the source for the low-current, low- 
power, low-noise Zener diode, code 184-6661. If a different Zener is 
used, you will need to check the stabilisation and possibly reduce 
the value of R1.as outlined in the setting-up procedure. 

The “double” printed circuit board is available from the EPE PCB 
Service, code 230 (see page 852). 


Acoustic Probe — Starter Project 

We do not expect any component buying problems to be encoun- 
tered by constructors of the Acoustic Probe, this month's “starter 
project” for the novice. 

lf readers do experience any difficulties in locating a suitable 
microphone insert through their local supplier, Maplin certainly list 
two. Quote either EM-60B sub-min. code FS43W or EM-10B ultra- 
min. code QY62S. 

The LF351N op.amp gives quite a good signal/noise ratio and is 
fairly inexpensive. However, if you are looking for enhanced perfor- 
mance, you could try using a high quality audio op.amp such as the 
NE5534AN. This should provide a significant improvement in the 
signal-to-noise aspect and extend the probe's capabilities. Most of 
our components advertisers should be able to supply either of these 
op.amp i.C.s. 

You can use either a crystal earphone (preferred) or medium 
impedance headphones of the type sold as replacements for use 
with personal stereo units. The circuit is unlikely to give worthwhile 
results with low impedance types. 

Finally, as you will need to trim the stripboard to size, we suggest 
you go for a fairly large piece so that the off-cut can be used for 
another project. 


Demister One-Shot 
Not too much can go wrong, we hope, when searching for com- 
ponents for the Demister One-Shot project. However, before under- 
taking this project, you should first check whether you may be 
infringing your warranty rights if you tap into your vehicle wiring. 
The special U6047B automotive-type timer i.c. was obtained from 
Maplin, code AH44X. They also supplied the heavy-duty 12V relay, 








with 16A rated contacts (code JM26D) and the small “axial lead” 1A 
fuse, code DA53H. 

The printed circuit board is available from the EPE PCB Service, 
code 245. We strongly recommend that the p.c.b. is mounted in the 
case using nylon nuts and bolts and you must use auto-type wire 
and connectors where specified. 


Ginormous Stopwatch 

As the Ginormous Stopwatch project originated from Australia, 
we thought we were going to have problems sourcing components. 
But thanks to the efforts of Ned, the author, it has not been too 
dramatic an experience. 

Starting with the u.h.f. modules, these are listed by Maplin 
(www.maplin.co.uk) and carry the following order codes: u.h.f. 
rec/decoder CR76H: and the keyfob u.h.f. transmitter CR72P. 
(These are not cheap!) You could also try contacting Veronica FM 
(@ 01274 816200 or http://www. veronicafm.co.uk) or Suma 
Designs (@ 01827 714476), who might be able to help here. 

The BD681 Darlington transistor may be hard to find, but the sug- 
gested alternative TIP141 and TIP142 should be readily available. 
Note the differing pinouts for the TIP devices. 

Ready programmed PICs are available from the author for the 
sum of £10 each (for either the Digital module or Stopwatch) or £50 
for six in any combination, with free postage to anywhere in the 
world. Payments should be made out to Mr. N. Stojadinovic. His E- 
mail address is: vladimir@u030.aone.net.au or write to: Mr. N. 
Stojadinovic, PO Box 320, Woden ACT, 2606, Australia. 

A programmed PIC16C55 is also available from Magenta 
Electronics (@ 01283 565435 or http://magenta2000.co. uk) for 
the inclusive price of £5.90 (overseas readers add £1 for postage). 
For those who wish to program their own PICs, the software is avail- 
able from the Editorial Offices on a 3-5in., PC-compatible disk, see 
EPE PCB Service page. If you are an Internet user, it can be down- 
loaded Free from our FTP site: 
ftp://ftp.epemag.wimborne.co.uk/pubs/PICS/stopwatch. 

Regarding the door minder “guards”, we are informed that most 
“through-beam detectors” will work with this project. The following 
sources and items have been suggested: Oatley Electronics, 
Australia (@ 029584 3563 or www.oatleyelectronics. com); 
Kemo Electronics (www.kemo-electronic.com) light barrier, code 
BD45: Maplin (www.maplin.co.uk) through beam detector, code 
SHOOK; Farnell (@ 0113 263 6311 or www.farnell.com) miniature 
photoswitch, code 532-472. Check prices before ordering! 

Finally, the printed circuit board is available from the EPE PCB 
Service, code 246. 


Teach-In 2000 (Part 1) 

To help take the pressure off newcomers to the mysteries of elec- 
tronics, some of our advertisers have put together component and 
hardware packs specially for the new Teach-In 2000 series. More 
will be added as the series progresses. 

To date, participating advertisers are as follows and readers are 
advised to contact them for more details: 

ESR Electronic Components (@ 0191 251 4363 or web 
http:///www.esr.co.uk) Hardware/Tools and Components Pack. 

Magenta Electronics (@ 01283 565435 or http://www.magen- 
ta2000.co.uk) — Multimeter and Comp. Kit 879. 

FML Electronics (# 01677 425840) — Basic Comp Sets. 

N. R. Bardwell (@ 0114 2552886) — Digital Multimeter special 
offer. 
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Unit 14 Sunningdale, BISHOPS STORTFORD, Herts. CM23 2PA 


TEL: 01279 306504 


FAX: 0870 7064222 


WEB: http://wwwQuasarElectronics.com 
email: epesales@QuasarElectronics.com 


@ SURVEILLANCE @ 


High performance surveillance bugs. Room transmitters sup- 
plied with sensitive electret microphone & battery holder/clip. 
All transmitters can be received on an si VHF/FM radio 
between 88-108MHz. Available in Kit Form (KT) or Assembled 
& Tested (AS). 


ROOM SURVEILLANCE 


@ MTX - MINIATURE 3V TRANSMITTER 

Easy to build & guaranteed to transmit 300m @ 3V. Long bat- 

tery life. 3-5V operation. Only 45x18mm. @ 3007KT £4.95 

AS3007 £9.95 

MRTX - MINIATURE 9V TRANSMITTER 

Our best selling bug. Super sensitive, high power - 500m range 

@ 9V (over 1km with 18V supply and better aerial). 45x19mm. 

3018KT £5.95 AS3018 £11.95 

HPTX- HIGH POWER TRANSMITTER 

High performance, 2 stage 

transmitter gives greater 

stability & higher quality 

reception. 1000m range 6- 

12V DC operation. Size 

70x15mm. 3032KT £6.95 

AS3032 £16.95 

@ MMTX - MICRO-MINIATURE 9V TRANSMITTER 

The ultimate bug for its size, performance and price. Just 

15x25mm. 500m range @ 9V. Good stability. 6-18V operation. 

3015KT £7.95 AS3051 £13.95 

@ VTX - VOICE ACTIVATED TRANSMITTER 

Operates only when sounds detected. Low standby current. 

Variable trigger sensitivity. 500m range. Peaking circuit sup- 

plied for maximum RF output. On/off switch. 6V operation. Only 

63x38mm. 3028KT £7.95 AS3028 £24.95 

HARD-WIRED BUG/TWO STATION INTERCOM 

Each station has its own amplifier, speaker and mic. Can be 

set up as either a hard-wired bug or two-station intercom. 10m 

4 2-core cable supplied. 9V operation. 3021KT £11.95 (kit 
rm on 

@ TRVS - TAPE RECORDER VOX SWITCH 

Used to automatically operate a tape recorder (not supplied) 

via its REMOTE socket when sounds are detected. All conver- 

sations recorded. rare sensitivity & turn-off delay. 

115x19mm. 3013KT £6.95 AS3013 £18.95 


TELEPHONE SURVEILLANCE 


@ MTTX - MINIATURE TELEPHONE TRANSMITTER 
Attaches anywhere to phone line. Transmits only when phone 
is used! Tune-in your radio and hear both parties. 300m range. 
Uses line as aerial & power source. 20x45mm. 3016KT £4.95 
AS3016 £10.95 — 

@ TRI - TELEPHONE RECORDING INTERFACE 
Automatically record all conversations. Connects between 
phone line & tape recorder (not supplied). Operates recorders 
with 1.5-12V battery systems. Powered from line. 50x33mm. 
3033KT £5.95 AS3033 £15.95 

@ TPA - TELEPHONE PICK-UP AMPLIFIER/WIRELESS 
PHONE BUG 

Place pick-up coil on the phone line or near phone earpiece 
and hear both sides of the conversation. 3055KT £9.25 
AS3055 £18.95 

@ 1 WATT FM TRANSMITTER Easy to construct. Delivers a 
crisp, clear signal. Two-stage circuit. Kit includes microphone 
and requires a simple open dipole aerial. 8-30VDC. PCB 
42x45mm. 1009-KT £9.95 

@ 4 WATT FM TRANSMITTER Comprises three RF stages 
and an audio preamplifier stage. Piezoelectric microphone 
supplied or you can use a separate preamplifier circuit. 
Antenna can be an open dipole or Ground Plane. Ideal project 
for those who wish to get started in the fascinating world of FM 
Cree h and want a good basic circuit to experiment with. 
12-18VDC. PCB 44x146mm. 1028-KT. £18.95 

@ 15 WATT FM TRANSMITTER (PRE-ASSEMBLED & TEST- 
ED) Four transistor based stages with Philips BLY 88 in final 
Stage. 15 Watts RF power on the air. 88-108MHz. Accepts 
open dipole, Ground Plane, 5/8, J, or YAGI configuration anten- 
nas. 12-18VDC. PCB 70x220mm. SWS meter needed for 
alignment. 1021-KT £64.95 

@ SIMILAR TO ABOVE BUT 25W Output. 1028-KT £69.95 


FACTOR 


PUBLICATIONS 








THE EXPERTS IN RARE & 
UNUSUAL INFORMATION! 


Full details of all X-FACTOR PUBLICATIONS can be found in 
our catalogue. N.B. Minimum order charge for reports and 
plans is £5.00 PLUS normal P&P. 


@ SUPER-EAR LISTENING DEVICE Complete plans to 
build your own parabolic dish microphone. Listen to distant 
voices and sounds through open windows and even walls! 
Made from readily available parts. R002 £3.50 
@ TELEPHONE BUG PLANS Build you own micro-beetle 
telephone bug. Suitable for any phone. Transmits over 250 
metres - more with good receiver. Made from easy to 
obtain, cheap components. R006 £2.50 
@ LOCKS - How they work and how to pick them. This fact 
filled report will teach you more about locks and the art of 
lock picking than many books we have seen at 4 times the 
price. Packed with information and illustrations. R008 £3.50 
@ RADIO & TV JOKER PLANS 
We show you how to build three different circuits for dis- 
rupting TV picture and sound plus FM radio! May upset 
our neighbours & the authorities!! DISCRETION 
EQUIRED. R017 £3.50 
@ INFINITY TRANSMITTER PLANS Complete plans for 
building the famous Infinity Transmitter. Once installed on 
the target phone, device acts like a room bug. Just call the 
target phone & activate the unit to hear all room sounds. 
Great for home/office security! RO19 £3.50 
@ THE ETHER BOX CALL INTERCEPTOR PLANS Grabs 
telephone calls out of thin air! No need to wire-in a phone 
bug. Simply place this device near the phone lines to hear 
the conversations taking ere R025 £3.00 
@ CASH CREATOR BUSINESS REPORTS Need ideas 
for making some cash? Well this could be just what you 
need! You get 40 reports (approx. 800 pages) on floppy 
disk that give you information on setting up different busi- 
nesses. You also get valuable reproduction and duplication 
ef so that you can sell the manuals as you like. R030 







@ PROJECT KITS @ 


OUR RANGE OF PROJECT KITS COME 
COMPLETE WITH ALL COMPONENTS, 
HIGH QUALITY PCBs, DETAILED 
ASSEMBLY/OPERATING 
INSTRUCTIONS 


@ 2 x 25W CAR BOOSTER AMPLIFIER Connects 
to the output of an existing car stereo cassette play- 
er, CD player or radio. Heatsinks provided. PCB 
76x75mm. 1046-KT. £24.95 

@ 1W+1W STEREO AMPLIFIER MODULE Uses 
Samsung KA2209 IC (equivalent to the TDA2822) 
designed for portable cassette players & radios. 
1.8-9VDC. PCB 35x50mm. 3087-KT £3.95 

@ 10W+10W STEREO AMPLIFIER MODULE 
Uses TDA2009 class audio power amp IC designed 
for high cage stereo ie 8-28VDC. PCB 
45x80mm. KT £9.95 

@ 18W BTL AUDIO AMPLIFIER MODULE Low 
voltage, Te ower mono 18W. BTL amp using 
HA13118 IC. Delivers 14W into 4 Ohm's (1% THD) 
with 13.2V supply. Thermal/surge protection. 8- 
aa provided. PCB 57x55mm. 3105- 


@ 3-CHANNEL WIRELESS LIGHT MODULATOR 
No electrical connection with amplifier. Light modu- 
lation achieved via a sensitive electret microphone. 
Separate sensitivity control per channel. Power 
handing 400W/channel. PCB 54x112mm. Mains 
powered. Box provided. 6014-KT £23.45 

@ 12 RUNNING LIGHT EFFECT Exciting 12 LED 
light effect ideal for parties, discos, shop-windows & 
eye-catching signs. PCB design allows replacement 
of LEDs with 220V bulbs by inserting 3 TRIACs. 
Adjustable rotation speed & direction. PCB 
54x112mm. 1026-KT £10.95; BOX (for mains 
operation) 2026-KT £8.50 

@ DISCO STROBE LIGHT Probably the most 
exciting of all ee effects. Very bright strobe tube. 
Adjustable strobe frequency: 1-60Hz. Mains pow- 
teteg 60x68mm. Box provided. 6037-KT 
@ SOUND EFFECTS GENERATOR Easy to build. 
Create an almost infinite variety of 
interesting/unusual sound effects from birds chirp- 
ing to sirens. 9VDC. PCB 54x85mm. 1045-KT £8.95 
@ ROBOT VOICE EFFECT Make your voice sound 
similar to a robot or Darlek. Great fun for discos, 
school plays, theatre productions, radio stations & 
paying jokes on your friends when answering the 
phone! PCB 42x71mm. 1131-KT £7.95 

@ AUDIO TO LIGHT MODULATOR Controls inten- 
sity of one or more lights in response to an audio 
input. Safe, modern opto-coupler design. Mains 
ar oy ee Bon required. 3012-KT £6.95 

@ MUSIC BOX Activated by light. Plays 8 
Christmas songs and 5 other tunes. 3104-KT £6.50 
@ 20 SECOND VOICE RECORDER Uses non- 
volatile memory - no battery backup needed. 
Record/replay messages over & over. Playback as 
required to greet customers etc. Volume control & 
built-in mic. 6VDC. PCB 50x73mm. 

3131-KT £11.95 

@ TRAIN SOUNDS 4 selectable sounds : whistle 
blowing, level crossing bell, ‘clickety-clack’ & 4 in 
sequence. SGO1M £4.95 

@ ANIMAL SOUNDS Cat, dog, chicken & cow. 
ee for kids farmyard toys & schools. SG10M 


@ 3 1/2 DIGIT LED PANEL METER Use for basic 
voltage/current displays or customise to measure 
temperature, light, weight, movement, sound levels, 
etc. with appropriate sensors (not pia Various 
input circuit irate provided. 3061-KT £11.95 

@ IR REMOTE TOGGLE SWITCH Use any 
TV/VCR remote control unit to switch onboard 
12V/1A relay on/off. 3058-KT £8.95 

SPEED CONTROLLER for any common DC motor 
up to 100V/5A. Pulse width. modulation gives maxi- 
mum torque at all speeds. 5-15VDC. Box provided. 
3067-KT £10.95 

@ 3 x 8 CHANNEL IR RELAY BOARD Control eight 
12V/1A relays by Infra Red (IR) remote control over a 20m 
range in sunlight. 6 relays turn on only, the other 2 toggle 
on/off. 3 operation ranges determined by jumpers. 
Transmitter case & all components provided. Receiver PCB 
76x89mm. 3072-KT £43.95 

@ PC CONTROLLED RELAY BOARD 

Convert any 286 upward PC into a dedicated auto- 
matic controller to independently turn on/off up to 





eight lights, motors & other devices around the 
home, office, laboratory or factory using 8 
240VAC/12A onboard relays. DOS utilities, sample 
test program, full-featured Windows utility & all com- 
ponents (except cable) provided. 12VDC. PCB 
70x200mm. 3074-KT £28.95 

@ 2 CHANNEL UHF RELAY SWITCH Uses the 
same transmitter/receiver pair as 30A15 below but 
includes PCB & components to control two 
240VAC/10A relays (also supplied). Ultra bright 
oe G used to indicate relay status. 3082-KT 

5.95 


@ TELEPHONE LINE RELAY SWITCH Turn on/off 

4 relays over your phone line from anywhere in the 

world. 4-digit security code. Line protection circuitr 

roe (non-approved). PCB 78x105mm. 3086-K 
95 


@ PC DATA ACQUISITION/CONTROL UNIT Use 
your PC to monitor physical variables (e.g. pres- 
sure, temperature, light, weight, switch state, 
movement, relays, etc.), process the information 
& use results to control physical devices like 
motors, sirens, relays, servo & stepper motors. 
Inputs: 16 digital & 11 analogue. Outputs: 8 digital 
& 1 analogue. Plastic case with printed front/rear 
panels, software utilities, programming examples 
& all components (except sensors & cable) pro- 
vided. 12VDC. 3093-KT £79.95 
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@ PIC 16C71 FOUR SERVO MOTOR 


DRIVER Simultaneously control up to 4. 
servo motors. Software & all components © 


(except servos/control pots) supplied. 
5VDC. PCB 50x70mm. 3102-KT £13.95 
@ PC SERIAL PORT ISOLATED I/O BOARD 
Provides eight 240VAC/10A relay outputs & 4 opti- 
cally isolated inputs. Designed for use in various 
control & sensing applications e.g. load switching, 
external switch input sensing, contact closure & 
external voltage sensing. Controlled via serial port 
& a terminal emulator program. (built into 
Windows). Can be used with ANY computer/oper- 
ating system. Plastic case with printed front/rear 
panels & all components (except cable) provided. 
3108-KT £44.95 

@ UNIPOLAR STEPPER MOTOR DRIVER for 
any 5/6/8 lead motor. Fast/slow & single step 
rates. Direction control & on/off switch. Wave, 2- 
phase & half-wave step modes. 4 LED indicators. 
PCB 50x65mm. 3109-KT £12.95 

@ PC CONTROLLED STEPPER 
MOTOR DRIVER Control two unipolar 
stepper motors (8A max. each) via PC 
printer port. Wave, 2-phase & half-wave 
step modes. Software accepts 4 digital 
inputs from external switches & will single 
step motors. PCB fits in D-shell case pro- 
vided. 3113-KT £15.95 

@ 12-BIT PC DATA ACQUISITION/CON- 
TROL UNIT Similar to kit 3093 above but 
uses a 12 bit Analogue-to-Digital 


Converter (ADC) with internal analogue 
multiplexor. Reads 8 single ended chan- 
nels or 4 differential inputs or a mixture of 
both. Analogue inputs read 0-4V. Four 
TTL/CMOS compatible digital input/out- 
puts. ADC conversion: time <10uS. 
Software (C, QB & Win), extended D shell 
case & all components (except sensors & 
cable) provided. 3118-KT £44.95 

@ TRANSMITTER RECEIVER PAIR 2-button 
keyfob style 300-375MHz Tx with 30m range. 
Receiver encoder module with matched decoder 
IC. 30A15 £13.95 

@ LIQUID LEVEL SENSOR/RAIN ALARM Will 
indicate fluid levels or simply the presence of fluid. 
Relay output to control a pump to add/remove 
ee when it reaches a certain level. 1080-KT 


@ UNIVERSAL TIMER Seven crystal controlled 
aoing operations in steps of 0.1s from 0.1- 
6553.6s or 1 second steps from 0.1-65536s. 
Allows 4 signal input types from push button to 
electrically isolated voltage switching sources. On- 
board relay will switch 240V/5A. Box, software & 
all components provided. PCB 56 x 97mm. 3054- 
KT £24.95 

@ STEREO VU METER shows peak music power 
using 2 rows of 10 LED’s (mixed green & red) 
moving bar display. 0-30db. 3089-KT £10.95 

@ AM RADIO KIT 1 Tuned Radio Frequency front- 
end, single chip AM radio IC & 2 stages of audio 
amplification. All components inc. speaker provid- 
ed. PCB 32x102mm. 3063-KT £9.95 

@ NEGATIVE\POSITIVE ION GENERATOR 
Standard Cockcroft-Walton multiplier circuit. 
ote voltage experience required. 3057-KT 
£8.95 


@ DRILL SPEED CONTROLLER Adjust the 
speed of your electric drill according to the job at 
hand. Suitable for 240V AC mains powered drills 
up to 7OOW power. PCB: 48mm x 65mm. Box pro- 
vided. 6074-KT £15.90 

@ 3 INPUT MONO MIXER Independent level 
control for each input and separate bass/treble 
controls. Input sensitivity: 240mV. 18V DC. PCB: 
60mm x 185mm 1052-KT £16.95 

@ CAR ALARM SYSTEM Protect your car from 
theft. Features vibration sensor, courtesy/boot 
light voltage drop sensor and bonnet/boot earth 
switch sensor. Entry/exit delays, auto-reset and 
adjustable alarm duration. 6-12V DC. PCB: 47mm 
x 55mm 1019-K¥ £9.95 Box £6.50 

@ ELECTRONIC SIREN 5 Watt. Impressive 5W 
power output. Suitable for alarm systems, car, 
motorbikes, etc, Output frequency 1-2kHz. 6-12V 
DC. PCB: 37mm x 71mm. Siren not provided 
1003-KT £5.95 


@ DOG SILENCER/PEST SCARER Are you 


going barking mad? Kit emits a blast of high inten- 
sity sound just out of the range of human hearing, 
but dogs will hear it easily. Works on most 
except deaf or stupid ones! Effective range 30 
metres. Supplied with PCB, all components and a 
4 frequency tweeter. 10-16V DC/500mA 3026- 
KT £17.95 


@ LED DICE Classic intro to electronics 
& circuit analysis. 7 LED’s simulate dice 
roll, slow down & land on a number at ran- 
dom. 555 IC circuit. 3003-KT £7.95 

@ STAIRWAY TO HEAVEN Tests handa- 
eye co-ordination. Press switch when 
green segment of LED lights to climb the 
Stairway - miss & start again! Good intro 
to several basic circuits. 3005-KT £7.95 
@ ROULETTE LED ‘Ball’ spins round the wheel, 
slows down & drops into a slot. 10 LED’s. Good 
intro to CMOS decade counters & Op-Amps. 
3006-KT £9.95 

@ DUAL LED DICE PIC 16C54 circuit performs 
similar function to 3003-KT above but two dice. 
Good intro to micro-controllers. 3071-KT £11.95 
@ 9V XENON TUBE FLASHER Transformer cir- 
cuit steps up 9V battery to flash a 25mm Xenon 
tube. ea flash rate (0-25-2 Sec’s). 3022- 
KT £10.95 

@ LED FLASHER 1 5 ultra bright red LED’s flash 
in 7 selectable patterns. 3052M-KT £4.50 

@ LED FLASHER 2 Similar to above but flash in 
sequence or randomly. Ideal for model railways. 
3052M-KT £4.50 

@ 16C84 PIC PROGRAMMER Reaas, programs 
& verifies. Uses any PC parallel port. All hardware, 
software & documentation needed to learn & test 
this uC provided. 3081-KT £20.95 

@ SERIAL PIC PROGRAMMER for all 


8/18/28/40 pin DIP serial programmed 
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PICs. 3rd party software supplied expires — 
after 21 days (costs US$25 to register): . 
3096-KT £12.95 ope 
@ ‘PICALL’ SERIAL & PARALLEL PIC 
PROGRAMMER for all 8/18/28/40 pin 
DIP parallel AND serial PICs. Includes 


fully functional & registered software 


(DOS, W3.1, W95/8). 3117-KT £54.95 

@ ATMEL 89Cx051 PROGRAMMER 
Simple-to-use yet powerful programmer 
for the Atmel 8901051, 8902051. & 
89C4051 uC’s. Programmer does NOT 
require special software other than a ter- 
minal emulator program (built into 
Windows). Can be used with ANY com- 
puter/operating system. 3121-KT £24.95 
@ 3V/1-5V TO 9V BATTERY CONVERTER 
Replace expensive 9V batteries with economic 
1.5V batteries. IC based circuit steps up 1 or 2 
‘AA’ batteries to give 9V/18mMA. 3035-KT £4.95 

@ STABILISED POWER SUPPLY 3-30V/2.5A 
Ideal for hobbyist & professional laboratory. Very 
reliable & versatile design at an extremely reason- 
able price. Short circuit protection. Variable DC 
voltages (3-30V). Rated output 2.5 Amps. Large: 
heatsink supplied. You just supply a 24VAC/3A 
transformer. PCB 55x112mm. Mains operation. 
oe £17.50. Custom Designed Box 2007 
£34.9 

@ STABILISED POWER SUPPLY 2- 
30V/5A As kit 1007 above but rated at 





5Amp. Requires a 24VAC/5A transformer. 
1096-KT £29.95. Custom Designed Box 
2096 £34.95 

@ RFI POWER SUPPLY Designed to power RF 
transmitters/receivers. Blocks high frequencies & 
eliminates problems like noise, ean 
standing waves, etc. Output: 12-14VDC/3A. 
Thermal/short circuit protection & electronic sta- 
bilisation. You just supply a 18VAC/3A transformer. 
PCB 72x82mm. 1171-KT £24.95 

@ MOTORBIKE ALARM Uses a reliable vibration 
sensor (adjustable sensitivity) to detect movement of 
the bike to trigger the alarm & switch the output relay 
to which a siren, bikes horn, indicators or other warn- 
ng device can be attached. Auto-reset. 6-12VDC. 
PCB 57x64mm. 1011-KT £10.95 Box £5.95 

@ LIGHT ALARM Protect your valuables. Alarm 
sounds if circuit detects smallest amount of light. 
Place in cash box etc. 3008-KT £4.50 

@ PIEZO SCREAMER 110dB of ear piercing 
noise. Fits.in box with 2 x 35mm piezo elements 
built into their own resonant cavity. Use as an 
alarm siren or just for fun! 6-9VDC. 3015-KT £8.95 
@ COMBINATION LOCK Versatile elec- 
tronic lock comprising main circuit & sep- - 
arate keypad for remote opening of lock. 
Relay supplied. 3029-KT £8.95 

@ ULTRASONIC MOVEMENT DETEC- 
TOR Crystal locked detector frequency for 
stability & reliability. PCB 75x40mm houses 
all components. 4-7m range. Adjustable 
sensitivity. Output will drive external 
ey ores. 9VDC. 3049-KT £11.95 

PIR DETECTOR MODULE 3-lead assembled unit 
just 25x35mm as used in commercial burglar 
alarm systems. 3076-KT £7.95 

@ INFRARED SECURITY BEAM When 
the invisible IR beam is broken a relay is 
tripped that can be used to sound a bell or 
alarm. 25 metre range. Mains rated relays 
provided. 12VDC operation. 3130-KT 
£10.95 





- @ FUNCTION GENERATOR Quad Op-Amp oscil- 


lator & wave shaper circuit generates audio range 

square waves (6Hz-6KHz), triangle & pseudo sine 

outputs. 9VDC. 3023-KT £3.95 

@ LOGIC PROBE tests CMOS & TTL circuits & 

detects fast pulses. Visual & audio indication of 

ae state. Full instructions supplied. 3024-KT 
95 


@ SQUARE WAVE OSCILLATOR Generates 
square waves at 6 preset frequencies in factors of 
10 from 1Hz-100KHz. Visual output indicator. 5- 
18VDC. Box provided. 3111-KT £7.95 

@ PC DRIVEN POCKET SAMPLER/DATA LOG- 
GER Analogue voltage sampler records voltages 
up to 2V or 20V over periods from milli-seconds to 
months. Can also be used as a simple digital 
scope to examine audio & other signals up to 
about 5KHz. Software & D-shell case provided. 
3112-KT £18.95 j 

@ 20 MHz FUNCTION GENERATOR Square, tri- 
angular and sine waveform up to 20MHz over 3 





ranges using ‘coarse’ and ‘fine’ frequency adjust- 
ment controls. Adjustable output from 0-2V p-p. A 
TTL output is also provided for connection to a fre- 
quency meter. Uses MAX038 IC. Plastic case with 
printed front/rear panels & all components provid- 
ed. 7-12VAC. 3101-KT £49.95 
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ELECTRONICS CD-ROMS 


ANALOGUE ELECTRONICS DIGITAL ELECTRONICS 


by Mike Tooley 


Analogue Electronics is a complete learning resource for Digital Electronics builds on the knowledge of logic gates 
this most difficult branch of electronics. The CD-ROM covered in Electronic Circuits & Components (below), and 
includes a host of virtual laboratories, animations, takes users through the subject of digital electronics up to 
diagrams, photographs and text as well as a SPICE the operation and architecture of microprocessors. The 
electronic circuit simulator with over 50 pre-designed virtual laboratories allow users to operate many circuits on 
circuits. screen. 

FUNCTIONS FUNDAMENTALS 


The component values on all 
circuits can be edited and the user 
can use the simulation engine to 
see how the value of each 
component affects circuit 
performance. You can, for instance, 
alter frequency and phase angle 
and plot outputs on a virtual 
oscilloscope or show load line 
graphs etc. 


COVERAGE 

Sections on the CD-ROM include: 
Fundamentals — Analogue 
Signals (5 sections), Transistors (4 
sections), Waveshaping Circuits (6 
sections); Op.Amps — 17 sections 
covering everything from Symbols 
and Signal Connections to 
Differentiators; Amplifiers — Single 
Stage Amplifiers (8 sections), 
Multi-stage Amplifiers (3 sections); 
Filters — Passive Filters (10 
sections), Phase Shifting Networks 
(4 sections), Active Filters (6 
sections); Oscillators — 6 sections 
from Positive Feedback to Crystal 
Oscillators; Systems — 12 sections 
from Audio Pre-Amplifiers to 8-Bit 
ADC plus a gallery showing 
representative p.c.b. photos. 


@ Includes SPICE circuit 
simulator with over 50 
circuits 


@ Unique virtual laboratories 

@ Editable assignments 

@ Design parameters for circuits 
included 


@ Complete hi-fi amplifier case 
study 


Prices for each of the two CD-ROMs above are: _ Institutional (Schools/HE/FE/Industry)..............£99 plus VAT 






y two 

f APPLICATIONS 

ON ONE 
‘CD-ROM 





Virtual laboratory — sinusoids 








Gallery — Wideband Amplitie 


Electronic Circuits & Components provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The virtual laboratories, worked examples and 
pre-designed circuits allow students to learn, experiment and check their understanding as they proceed through the sections on 
the CD-ROM. Sections on the disk include: Fundamentals: units & multiples, electricity, electric circuits, alternating 





by Mike Tooley 


Fundamentals introduces the basics 
of digital electronics including binary 
and hexadecimal numbering 
systems, ASCII, basic logic gates 
and their operation, monostable 
action and circuits, and bistables — 
including JK and D-type flip-flops. 


COMBINATIONAL 
LOGIC 


Flip-Flops Multiple gate circuits, equivalent logic 
functions and specialised logic 
: functions such as majority 
vote, parity checker, scrambler, 
half and full adders. Includes 
fully interactive virtual 
laboratories for all 
circuits. 


SEQUENTIAL LOGIC 


Introduces sequential logic 
including clocks and clock circuitry, 
counters, binary coded decimal 
and shift registers. 





tual laboratory — 


% 





Vir icLights DIGITAL SYSTEMS 
er ae : A/D and D/A converters and 
oe ee ee / their parameters, traffic light 


= ee “| controllers, memories and 

+ microprocessors — architecture, 
bus systems and their arithmetic 
logic units. 


= | 
BaaRKHRRR TRAD | 


ee i . | | Accatalogue of commonly used 
A ee come f IC schematics taken from the 
eeecsseseeese |, 74xx and 40xx series. Also 


includes photographs of 
common digital integrated 
circuits and circuit technology. 





Hobbyist/Student ..........ssssssssssssssseseeseseeeeeeeeanenenens eS inc VAT 


Institutional 10 user (Network Licence)..........£199 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


ELECTRONIC CIRCUITS & COMPONENTS 
+ THE PARTS GALLERY by Mike Tooley 





circuits. Passive Components: resistors, capacitors, inductors, transformers. 
Semiconductors: diodes, transistors, op.amps, logic gates. Passive Circuits . Active 
Circuits 

The Parts Gallery — many students have a good understanding of electronic theory but 
still have difficulty in recognising the vast number of different types of electronic 
components and symbols. 

The Parts Gallery helps overcome this problem; it will help students to recognise 
common electronic components and their corresponding symbols in circuit diagrams. 
Selections on the disk include: Components ,Components Quiz, Symbols, Symbols 
Quiz, Circuit Technology 

Hobbyist/Student ..........2..0eeee eee eee eee eee £34 inc VAT 
Institutional (Schools/HE/FE/Industry) ..............-£89 plus VAT 
Institutional 10 user (Network Licence) ............--£169 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 











This highly acclaimed CD-ROM, together with the PiCtutor experimental and development board, will teach 

you how to use PIC microcontrollers with special emphasis on the PIC16x84 devices. The board will also act 

as a development test bed and programmer for future projects as your programming skills develop. This 
interactive presentation uses the specially developed Virtual PIC Simulator to show exactly what is 4 
happening as you run, or step through, a program. In this way the CD provides the easiest and best ever 
introduction to the subject. 

Nearly 40 Tutorials cover virtually every aspect of PIC programming in an easy to follow logical sequence. 


HARDWARE 

Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PICtutor 
Development Kit, plus the ability to program and test your own PIC 16x84s, really reinforces the lessons 
learned. The hardware will also be an invaluable development and programming tool for future work once you 
have mastered PIC software writing. 

Two levels of PlCtutor hardware are available — Standard and Deluxe. The Standard unit comes with a battery 
holder, a reduced number of switches and no displays. This version will allow users to complete 25 of the 39 
ia. Tutorials. 

The Virtual PIC The Deluxe Development Kit is supplied with a plug-top power supply (the Export Version has a battery 
holder), all switches for both PIC ports plus I.c.d. and 4-digit 7-segment I.e.d. displays. It allows users to 
program and control all functions and both ports of the PIC and to follow the 39 Tutorials on the CD-ROM. 

All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable 
microcontroller. 








PiCtutor CD-ROM 
Hobbyist/Student.............::::::ssscssssserssssesssssssessessseneenecenes £45 inc. VAT 
Institutional (Schools/HE/FE Industry). popincbosesunescetuaay £99 plus VAT 
Institutional 10 user (Network Licence)..............0000 £199 plus VAT 
HARDWARE 

Standard PiCtutor Development Kit ..............::2s0es000 £47 inc. VAT 
Deluxe PiCtutor Development Kit ................:seecesssseee £99 plus VAT 
Deluxe Export Version. ..........::cccssssscessscseeesssceeeeeesees £96 plus VAT 

Deluxe PiCtutor Hardware (UK and EU customers add VAT at 17.5% to “plus VAT” prices) 





MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton designing your circuit 


: : ; = : ; simply select your modules from the wide choice available, 
This CD-ROM contains a range of tried and tested analogue and digital circuit modules, read how they work and join them up to make your circuit 


together with the knowledge to use and interface them. Thus allowing anyone with a basic 
understanding of circuit symbols to design and build their own projects. 


Essential information for anyone undertaking GCSE or “A” level electronics or technology and 
for hobbyists who want to get to grips with project design. Over seventy different Input, 
Processor and Output modules are illustrated and fully described, together with detailed 
information on construction, fault finding and components, including circuit symbols, pinouts, 
power supplies, decoupling etc. 


Single User Version £19.95 inc. VAT input processor = output 


Multiple User Version £34 plus VAT “| found that | could design a circuit without my teacher's help. 
Z —— And it worked! Everything was to hand — which chips to use — 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) and which pins did what.” Andrew Preston (GCSE student) 





A Web Browser is required for Modular Circuit Design — one is provided on the EPE CD-ROM No. 1 (see below) but most modern computers are supplied with one. 


Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM, 
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for P/Ctutor or Modular Circuit eee 











a pn a ec a pep it eee apc ni nce sens ms mee 4 
CD-ROM ORDER FORM | ORDERING 
Please send me: [_] Hobbyist/Student 
Electronic Circuits & Components +The Parts Gallery [] Institutional POSTAGE 
Analogue Electronics [_] Institutional 10 user ! —_— 
Digital Electronics Note: The software on each version is the I Student/Single User/Standard Version 
PiCtutor same, only the licence for use varies. price includes postage ae 
; countries in the world 
PiCtutor Development Kit — Standard Note: The PiCtutor CD-ROM is ium EU residents outside the UK add £5 for 
PiCtutor Development Kit — Deluxe [] Deluxe Export not included in the Kit prices. ! airmail Pee pt order 
Modular Circuit Design — Single User ! i 
Modular Circuit Design — Multiple User i 
I 
POWTER: 2 art m,  onth nies pip ood ord Bde He RE a Gea ded ss aes AGS, aw Ewe od oe dae 
CSS ss oy oe Fas Aedes ea ee gee oom ae ee ae eae bee Ae ene 
ee eee ee ne ee ee eee er ne ae eee | 
cas Mo eee peemAe Aa ees oka de POS) COGC. cae b-s oho rd evo TORINO: 455 shee seouyeeebies ! 
FAM acs eee ine be Soh ee wees hen be BEE ee eae eens nee banana be 
| enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£............... ! 
Please charge my Visa/Mastercard:£............... Card expiry date: ..........0......0.. 
Or OS. (eas beet ace n ee oo ea ee Gee GPa be yeaa oe eee ghee eedeeege4 eka neaaseeree rs 
Please supply name and address of cardholder if different to the delivery address ; 
ee ee ee ee ee ee ee ee ee eee ee eee ee _ 





emos (not Modular Circuit Design) available on the EPE CD-ROM No. 1 (Free with the November ‘98 issue of Everyday Practical Bienes magazine) — 
end £2 for this CD-ROM if you require the demos. Minimum order for credit card payment is £5. 





















products 


OPEN All | 
ELECTROMAIL ACCOUNT 


Ask for details about opening an 
account, which can give you up 
to 50 days’ interest free credit 
by paying by Variable 
Direct Debit. 


Tre Jechnical 
Superstore 


that’s always open 


The Electromail CD-ROM Catalogue contains more than 100,000 technical products, all available 
from stock for same or next day despatch. All you have to do is make your selection from the 
CD-ROM and ‘phone your order through to our 24 hour orderline - any day of the week. 








Our sister Ree RS Components, is the U.K.’s largest distributor of electronic, electrical and mechanical 
0 technical professionals. The Electromail CD-ROM makes this extensive product range available to 
technical ance and small businesses, and there's a comprehensive library of product datasheets already on 
the CD-ROM which contain detailed information on the majority of our product range. There are also Technical 
Helplines, to answer more specific enquiries, 
relating to your actual intended application. 


At just £3.99, the Electromail CD-ROM gives 
you everything at your fingertips, with the 
service back-up which is second to none. 





Electromail, P.O. Box 33, Corby, Northants. NN17 9EL. 





HOW TOORDER Tel: 01536 204555 Fax: 01536 405555 EQ 


Please quote stock number 332-3996 when ordering, and have your 
credit card information available. 
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PIC 16F877 4 & 20 MHz - now in stock ! 


Microchip’s latest EEPROM device - 40 pin, 10 bit A/D convert- 
ers, master/slave IIC bus, full duplex USART, 8K ROM, 352 bytes 
file registers, 256 bytes internal EEPROM, upwardly compatible 
with 16C74/16C77, but instant erase and rewrite. Supported by 
Our programmers, PICDESIM and our new C Compiler. 
PIC 16F877 devices, 40pin DIP device, 4MHz — £9.00, 20MHz — £9.50 
ion V S 
are ca pest 


aves YED PIC C 
"compiler 


Supports all PIC 16Cxx, 12C6xx devices 


Integrated Compiler Environment includes 
FED’s PICDE for simulation and debugging 


Ring/Write for details or visit our Web Site: 
£100 CD-ROM, £120 with printed manuals 
http://dspace.dial.pipex.com/robin.abbott/FED 





cable ersion 















Forest Electronic Developments 


60 Walkford Road, Christchurch, Dorset, BH23 5QG. 
E-mail — “robin.abbott@dial.pipex.com” 
_ Web Site — “http://dspace.dial.pipex.com/robin.abbott/FED” 


01425-274068 (Voice/Fax) 
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J! New from FED - PIC 16F877 Chips and Support !! 
PIC & AVR Programmers, Development kits and C Compiler 





PIC, & AVR Programmers 


PIC Serial - Handles serially programmed PIC devices in a 40 pin multi-width ZIF 
socket. 16C55X, 16C6X, 16C7X, 16C8x, 16F8X, 120508, 120509, PIC 14000 etc. 
Also In-Circuit programming. Price: £45/kit, £50/built & tested. 

PIC Introductory — Programs 8 & 18 pin devices : 16C505, 16C55X, 16C61, 
16C62X, 16C71, 16C71X, 16C8X, 16F8X, 12C508/9, 12C671/2 etc. £25/kit. 

AVR — 1200,2313,4144,8515 in ZIF. Price: £40/kit £45 built & tested. 


Programmers operate on PC serial interface. No hard to handle parallel 
cable swapping ! Programmers supplied with instructions, + Windows 
3.1/95/98/NT software. Upgrade Programmers from our web site ! 






AVR, PIC, Scenix - Windows Development 


Assembler/Simulator allows development of your AVR, PIC or Scenix projects in 
one Windows program. Incorporate multiple files, view help file information directly 
from code, edit within project, build/track errors directly in source, then simulate. 
Many breakpoint types, follow code in source, set breakpoints in source. Run, 

single step, or step over. Logic Analyser Display! Input stimuli includes clocks, 
direct values and serial data. Profiler — examine and time frequently called rou- 
tines use the information to optimise out bottle necks. PIC Version Simulates up to 
50 times faster than MPSIM ! 


Cost £20.00. Specify PICDESIM (includes Scenix) or AVRDESIM version 








PIC BASIC Products - See our web site for details 
16C74 version (8Kbyte EEPROM) - 20 MHz 
£30.00 Kit,£35.00 Built & Tested, 

Compiler Available - runs identical code 





Prices are fully inclusive. Add £3.00 
for P&P and handling to each order. 
Cheques/POs payable to Forest 
Electronic Developments, or phone 
with credit card details. 
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BYTING HISTORY 

Dear EPE, 

Having taken early retirement I resolved to 
renew my old hobby and was pleased to see your 
PIC Toolkit Mk2 (May-Jun '99) which I built. 
Having only the EPE copies since March this 
year, and therefore not having details of the PIC 
Tutorial (March-May '98), I used the spare space 
on the Mk2 board to fit eight l.e.d.s with 1k drop- 
ping resistors. These were connected to the Port 
B outputs and I fitted a 2-way d.i.l. switch in the 
common feed from the l.e.d.s to the negative 
supply so that they can be switched off in banks 
of four if the port is configured for inputs. 

The unit works fine but I did find that the output 
from my PC on the Centronics socket pins was 
around 3-8V rather than SV. Also, it was necessary 
to switch off the l.e.d.s connected to PIC pins RB6 
and RB7 to get programming to work. 

I also find that I cannot use the first few pro- 
gram memory addresses (0 to 3) for holding pro- 
gram data. 

If you can give me any guidance as to the 
cause of these problems I would be grateful. 

Iam really enjoying your magazine and am very 
impressed with the way you share the programs 
you create so freely. I do wonder a bit at who all 
your contributors are? I notice you admit to strug- 
gling with the values of tiny components (and I 
sympathise) and I too remember red spot transis- 
tors at 10 bob a time, so I am curious about your 
backgrounds. Have you given a potted history of 


READOUT 


John Becker addresses some 
of the general points readers 
have raised. Have you anything 
interesting to say? 

Drop us a line! 








each of your contributors recently and maybe a 
small photo (recent of course!) at the head of each 
article would give a bit more detail. 

Bruce Beattie, via the Net 


On the Port problem, you should not connect 
external components directly to RB6 and RB7 
because of the 1k buffer resistors (R9 and R10) 
that are in circuit during programming. Doing so 
may, as you appear to have found, attenuate the 
programming logic levels received by the Port. 
External connections for RB6 and RB7 should 
only be made at the allocated positions on the 
p.c.b. which are via the YO and ZO paths of iso- 
lating gate ICO. 

The PIC 16x84 does not allow the use of the first 
five bytes (0 to 4) of program memory space for 
actual programming purposes. All five bytes are 
reserved for Interrupt and Jump Vector data, plus 
program identity coding. Toolkit Mk2 (and previous 
EPE ‘16x84 programmers) automatically places 
vector data at these locations prior to sending the 
body of the program itself. All program data 
should, therefore, commence at address byte 5. 

History-wise you can find a byte or two about 
us via our website (http://www.epemag.wim- 
borne.co.uk.) — you'll find the click-link access 
address on the “title page’ of this site. 
Pictorially, though, we are not prepared to 
expose ourselves! Suffice to say that we have 
been compared to Greek gods (but how 
favourably remains our secret)! 


Everyday Practical Electronics/ETI, November 1999 


WIN A DIGITAL 
MULTIMETER 


A 31/5 digit pocket-sized |.c.d. multime- 
ter which measures a.c. and d.c. volt- 

age, d.c. current and resistance. It can 

also test diodes and bipolar transistors. 


Every month we will give a Digital 
Multimeter to the author of the best 
Readout letter. 

















TV AND VIDEO COURSES 

Dear EPE, 

Firstly let me congratulate you, your staff and 
all the contributors to your magazine on produc- 
ing one of the best and most informative maga- 
zines relating to electronics and technology of that 
kind for both the novice and the professional. 

I am a lecturer in audio, video and electronic 
engineering at Cardonald College in Glasgow 
which has offered courses in TV, video and elec- 
tronic engineering for many years to the service 
industry in Scotland. 

In the September issue of your magazine an 
article appeared in the News section from the 
College of North West London, stating that they 
were the only FE college in the UK to provide 
digital TV training courses in the servicing of 
these types of system. I’m afraid that is not quite 
accurate as we offer an HNC course in HNC 
Television and Audio Visual Media Engineering, 
which includes both satellite and digital TV 
decoder servicing. 

To cover many of the changes that have taken 
place in technology over the last few years we have 
written three new HNC Units titled: Satellite and 
Digital Television Principles, Audio Home 
Entertainment Systems: Principles and Testing, and 
lastly Video Displays and Video Recorder 
Servicing. These units were created in consultation 
with service organisations such as Granada and 
Scottish Power whose contributions, as well as 
those from other companies and firms, enabled us 
to make the content as up-to-date as possible. 

The college offers the HNC in HNC 
Television and Audio Visual Media Engineering 
as a one year full-time course or day release 
involving one day’s attendance at college per 
week over two years. For further information on 
the above course contact Karen Byrne, 
Cardonald College, 690 Mosspark Drive, 
Glasgow G52 3AY. Tel: 0141 272 3223. Fax: 
0141 272 3444. Or phone our information centre 
on 0141 272 3332. 

Tom Connelly, 
Lecturer, Division of Technology, 
Cardonald College, Glasgow 


The vast majority of our News stories (except 
those with Barry Fox’s byline) are based on 
material supplied to us by the organisation con- 
cerned. It was the College of North West London 
who advised us of the uniqueness of their 
courses. We are pleased to learn that such cours- 
es are available more widely. 


CAP THAT! 

Dear EPE, 

Keep up the pointless projects please — sundi- 
als should be electronic! How about an electric 
milk-bottle decapper? 

R.A. Evans, Hastings, Sussex 


And that was that! — just a simple postcard 
with a happy smiling face outline on the front. 
But it’s arrival was much appreciated, we like to 
be told from time to time that we are doing things 
right (in this instance by publishing my Musical 
Sundial of June 99). Thanks, RAE (we don’t 
know your first name). 

Does anyone else have a pointless idea that 
might actually have an electronic application — 
wind chimes have been suggested? 
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LEAPING CALENDARS (1) 

Dear EPE, 

Re the letter from R.L.A. Latham, in Readout 
Sept '99, who correctly proved that the calendar 
days of the year 2000 exactly match up to those 
of 1972. Assuming a leap year comes round once 
every four years, the time for a complete cycle 
(the weekdays advance by one on each non-leap 
year) is the lowest common multiple of four and 
seven — 28. So altering the date to 1972, 1944, 
etc. produces an identical calendar to 2000. 

However, there is another rule, commonly 
overlooked, that every century year (1800, 1900, 
etc.) is not a leap year. There is yet another 
exception that every fourth century is a leap year, 
that is why 2K is a leap year and 2400 will be 
too. This all comes from the fact that, as the 
Penguin Dictionary of Science 1993 puts it: “The 
civil year has an average value of 365-2425 mean 
solar days’ — unlike 365-25 as many believe. 

So the overall period for the leap year pattern 
is 400 years. The lowest common multiple of 
400 and 7 gives the total period of the date cycle, 
which turns out to be 2800 years! To be sure of 
the correct date and weekday, you have to 
advance or rewind the date by 2800 years, which 
is only possible with Y2K compliant computers 
— defeating the object. (Don’t try setting the 
Sinclair to 800BC!) For now, +28 years will 
work, but only until 2099! 

Thanks for such a great magazine, I have espe- 
cially enjoyed the P/C Tutorial series of Mar- 
May '98, and have now developed a few projects 
of my own. It can be very challenging but also 
rewarding. I shall also be studying the 
PIC16F87x Mini Tutorial of Oct '99, and hope to 
make use of the serial communications that the 
PIC16F87x devices offer. 

David Thompson, 
Sutton Coldfield, West Midlands 


Thanks David for a great response. It’s ironic 
that despite all our abilities to rationalise so 
many matters into neat well-ordered mathemati- 
cal structures, our calendar can never be revised 
into a perfectly uniform table of equal-length 
months and years. 

Whilst in everyday life we take the calendar’s 
idiosyncrasies in our stride, when writing pro- 
grams (e.g. for PIC projects) that require time 
and date info to be used or displayed, an awful 
lot of valuable memory space is taken up by all 
the variables and sub-routines involved to 
achieve the required result. If only it all could be 
uniformly decimalised or “binary-ised” ! 

Think also about the problems that will ulti- 
mately be experienced by our descendents when 
the planets of this and other solar systems are 
colonised. Each will have its own very specific 
calendar and clock requirements. On our planet 
the various time zones have to be taken into 
account when communicating globally. There 
will be even greater time zone factors to be con- 
sidered for interplanetary communication, 
including of course, transmission time-lags. 


LEAPING CALENDARS (2) 

Dear EPE, 

Following up on Readout Sep ‘99, the 
Gregorian calendar (used in England since 1752) 
does a complete cycle in 400 years, and a sub- 
cycle in 28 years which is “disturbed” by the 
century leap year rule. There are 14 types of 
year, according to the day of the week on which 
they start and the day on which they end (same 
weekday in non-leap years and obviously one 
day later in leap years). 

If you keep your calendars you can recycle them 
but the non-leap year ones come round every five 
or six years, whereas the leap-year ones have to be 
kept for 28 years. 1999 is “Fri-Fri” and I am re-re- 
recycling a 1982 calendar at present! 2000 is a 
“Sat-Sun” year, and as I don’t have one of these 
from 1978, I guess I will buy one! 

Chris Finn, Beverley, East Yorkshire 


Thanks Chris. Shame about 1978 — what an 
unnecessary expense you're going to have! 
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DREAM MACHINE 

Dear EPE 

As far back as I can remember, I have been 
unable to sleep. (I go back to the old Practical 
Wireless and, dare I mention them, valves!) 

This condition of insomnia is miserable and 
for more than 20 years I have used music tapes, 
self-hypnosis tapes and books. When biofeed- 
back was developed, I built and used all elec- 
tronic devices that I saw published in magazines 
such as yours. Biofeedback teaches the control 
of autonomic functions, such as the rate of heart- 
beat or breathing. They attempt to measure the 
brain waves produced when relaxed. With all this 
time and effort I managed to sometimes get one, 
two, or possibly three nights reasonable sleep. 
After that, something seemed to stop that partic- 
ular thing working for me. 

So I read Andy Flind’s Mood PICker article 
(July '99) with extra interest. This approaches the 
problem from the other end, generating the req- 
uisite brain frequency that hopefully the brain 
can imitate, thus giving relaxation or whatever. 

Having built the design, I have been using it 
for about two months. I don’t yet sleep all 
through the night but what sleep I do get is, for 
me, of a high order. I have just begun to dream. I 
awoke suddenly from one dream that seemed so 
real that it took some minutes to establish that it 
had been a dream. 

I have to thank you and Andy Flind. This is a 
tribute to your magazine for keeping at the cut- 
ting edge of technology. It shows the value in 
research and development for the hobbyist. 

I hope that you will print this letter. This may 
not be the answer for all electronic insomniacs 
but perhaps encourage some. I am persuaded that 
there are many of us out here. 

Michael D. Walker, 
Northfield, Birmingham 


We are delighted that Andy’s project has helped 
you, as it has other readers. Andy is, I should 
praisingly comment, our expert on matters to do 
with electronic control and sensing of the brain’s 


activities. We have sent a copy of your letter to him. _ 


ONLINE P.C.B.S 

Dear EPE, 

I’m about to make Andy Flind’s Mind PICkler 
(Dec '98, Jan '99) from the information I down- 
loaded via EPE Online, and for that purpose I 
redrew the complete p.c.b. layout in WinCircuit. 
May I comment that it would be a great practice 
for you to put postscript files of p.c.b. layouts on 
your home page for everyone to access! 

Incidentally, I am a Mac user who asked you 
about alternative means of accessing your Online 
issues. As a result of your helpful reply I plan to 
install a complete Windows emulator on my Mac 
just to be able to read your magazine! 

Tomislav Ribicic, via the Net 


We hope we have now solved both of your prob- 
lems, our new system can be downloaded on Macs 
and other computers — see last month's News. We 
have also managed to crack the p.c.b. problem and 
Postscript files are now downloadable for our 
p.c.b.s from the October ’99 issue onwards. 

It’s great to know we have inspired you! 


HIGH LEVEL LOGGING 

Dear EPE, 

Thank you very much for your Data Logger 
(Aug-Sep '99) and the explanation of how to 
convert data into graphs, something which I have 
been trying to find the answer to for some 
months. I have now ordered a kit from one of 
your advertisers. 

There is one thing that I now need to find out, 
how can I extract a suitable signal from my P/C 
Altimeter (Sep '98), so that I can plot barometric 
changes? 

Pat Darragh, via the Net 


Thanks Chris, and the answer’s simple — con- 
nect one of the Logger’s input channels to the 
Altimeter’s /C1d pin 7. 


CONGRATS ONLINE — FREELY! 

Dear EPE, 

Congratulations for two jobs well done. 

First, for Raymond Haigh’s Practical 
Oscillator Designs series of articles currently 
being published since July '99. In the course of 
building a Theremin, I did a lot of research into 
oscillators. These articles are by far the most 
thorough I have seen anywhere. I hope he is 
planning to cover electronic tuning of oscillators. 

Second, for the Online version of the maga- 
zine. Even in a city as big as Dallas, Texas, this 
“foreign”? magazine is hard to find. My regular 
source recently went out of business. I was able 
to find one more source but it is probably the 
only source in the entire city. The Online version 
solves that problem. The fact that it costs less 
than 1/5th the price of the hardcopy version 
makes it a clear winner. | 

I have downloaded my first issue and am very 
pleased with it. For better international use, the 
page size is the smaller American 8-5 x 11 inch- 
es instead of the larger European A4. The table 
of contents allows easy browsing of the entire 
issue, and the print quality is excellent; even the 
very fine print in schematic diagrams is readable. 

I am a little surprised that the advertisements 
were not included. Folks in “well-developed” 
countries and cities probably would buy locally, 
but people in less fortunate locations might buy 
from your advertisers, especially since the 
Shoptalk feature only lists those companies. I 
was expecting your revenue from the advertisers 
who wanted the increased international coverage 
to be one of the reasons the price is so low. 
Apparently, eliminating the need for paper pub- 
lication and mailing is the major cost reduction. 

As aside note, in the Shoptalk feature, the www 
addresses of the companies are PDF links, but gen- 
erate an error when clicked on. If there is no way 
to make Acrobat open the browser, there is no use 
taking the trouble to make the URLs links. 

Glenn Manuel, 
Richardson, Texas, USA, via the Net 


Glenn sent his E-mail to our EPE Online 
Editors, Max and Alvin, in the States, who reply: 


The hyperlinks in the PDF documents should 
launch Glenn’s browser — they certainly launch 
other people’s browsers. One point is that he has to 
have an Internet connection open for the browser to 
work. Another point is that his system has to be set 
up to have the default action on clicking a hyperlink 
(in any document) to launch his default browser. 

The reason the Online mag can be so cheap is 
not that we cut out the paper, print costs, and 
distribution . . . it’s that EPE HQ provides the 
material for free and we do all the work without 
getting paid :-) 

Max and Alvin 


But you do get the pleasure of it all — why sully 
matters with finance?! We expect to add banner 
adverts with links to advertisers’ web sites soon. 


DR DOS 

Dear EPE, 

R.A. Hooper’s problem (Readout Oct '99) 
might be solved by looking at the problem anoth- 
er way. Assuming his “editor” program is in the 
C:\DRDOS directory, he could try adding a one- 
line batch file called EDIT.BAT, something like 
as follows: 

C:\DRDOS\EDITOR 

This would cause Toolkit to run the batch file 
running the program. At the termination of the 
program the batch file would similarly terminate 
so the action would appear almost seamless. 

If he opens his editor program normally, types 
the above line substituting “DRDOS” for the 
right directory and saves it as EDIT.BAT in the 
C:\PIC directory, all might work. 

David Geary, via the Net 


Thanks David, your suggestion has been sent 
to R.A. Hooper, who will hopefully let us know 
the effect it has. 
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UNIVERSAL PIC PROGRAMMER £49.95 
Read/Write/Copy PIC12C5XX, 12C6XX, 14XXX, 16C5XX, 16C50X, 16C6X, 
16C7X, 16C9XX, 16C55X, 16C6XX, 16C8X, 16F8X 

Memory 24LCXXX, 85CXX, 93CXX 

Universal ZIF socket, best value on the market, FREE Software upgrades. 
Includes FREE PIC BASIC COMPILER. 

Download latest Windows 95/98 software FREE from our website now. 


£59.95 
In-Circuit Emulator and Programmer. Supplied with Software, Data sheets, 
Manual, leads, 10 breadboard circuits which include DVM, Stopwatch, Smoke 
Alarm, Sound and Light. 
Includes FREE PIC BASIC COMPILER. 


PIC ICE Ii 
In-Circuit Emulator for 54/55/56/57/71/84 PICs. A/D emulated for 16C71. 


Supplied with leads, manual, software and hardware projects. 
Includes FREE PIC BASIC COMPILER. 


£59.95 


DELUXE SMARTCARD PROGRAMMER £79.95 
Read and Write to all types of Smartcard ISO, Memory, PIC, GSM, VideoCrypt, 
Satellite, D2Mac, CashCards, Petrol Station, StoreCards etc. 

Supplied with a large amount interesting smartcard information, commands, 
encryption methods and operating software. 


All products manufactured in Malta and carry 12 months Parts and Labour guarantee. 
scents eeseennemsisoon 


LEADING EDGE TECHNOLOGY LTD 


WHITE ROSE HOUSE, XINTILL STR, TARXIEN PLA11, MALTA. 
ORDER DIRECT: Tel: (00 356) 678509 —- Fax (00 356) 667484. 
SAME DAY DESPATCH 

_ P/P UK, EEC £4.00. NO VAT PAYABLE 
ALLL MAJOR CREDIT CARDS ACCEPTED 


MEGAPROM EPROM PROGRAMMER 
Programs up to 8 Meg devices (32-pin), including 27xx, 28xx, 29xx, EEPROM, 


£69.95 


FLASH and 24X series. Built-in RAM tester. Universal quality ZIF socket, free 


software updates. 


GAL PROGRAMMER 
Read/Write/Copy SGS/NSC/Lattice etc. 16V8A/B/D/Z, 20V8A/B/D/Z and 


£49.95 


22V 10 standard JEDEC files. Smart case with ZIF. Supplied with PSU, Manual 
and Compiler software. One GAL can replace up to 21 different PALs and they 


are re-programmable! 


£59.95 


P87CS1/52 PROGRAMMER 
Read/Write/Copy and Edit all 8751/2 including ATMEL 89 Flash types. Supplied 
with Assembler and BASIC compiler (produces at M/Code). Smart Case. 


40-pin ZIF 


EPROM EMULATOR 
128K by 8-bit or 2 x 64K by 8-bit Software to Read/Write when connected to 


£59.95 


target board. Suitable for CPU development and Car EM Systems. 


FREE PIC BASIC COMPILER 
Supports PIC16C54-57, 71, 84, 508 produces stand-alone machine code (no 
runtime modules). 
Standard BASIC syntax includes Peek/Poke, Inp, Outp, etc. 
Why pay £50+ when ours is FREE? Download it from our Website now! 


ALL PRODUCTS REQUIRE AN IBM PC TO OPERATE UNLESS OTHERWISE STATED. 
FOR FURTHER INFORMATION SEE OUR WEB SITE OR TELEPHONE/FAX. 
WEBSITE http://LET.cambs.net/ johnmorr@mail.keyword.net 
Always in stock — Working D2Mac 27-Channel Wafer Cards £19.95 


EEX IPS IES ARIAT 


DISTRIBUTORS 
SPAIN COELMA 


Telephone 
003449 215061 


FRANCE MULTIPOWER 0033169301379 


HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE’S ALWAYS ‘SCOPE’ FOR IMPROVEMENT! 


VERY GOOD 
OSCILLOSCOPE 
incl. 2 probes, Pouch 


PHILIPS PM3217 - 
Dual Trace 50MHz Delay 


TEKTRONIX 2445, 4-ch, delay _ 
sweep, cursors, readout. ONLY 


GOULD 0$300 polehetesates eee 
LOOK 


Dual Trace 20MHz 
Light weight. Very good 


THIS IS THE 
BEST CHEAP 
SCOPE 


YOU WILL 
EVER BUY!!! 
GOULD 0S1100 — Dual Trace, 30MHz 
Delay. Very she — with 


manual and two GD 


TEKTRONIX 2215 — buai Trace 60MHz 


MARCONI 2019A ese AEM signal 


gen 80kHz-1040MHz, I.c.d. NOW 
display, keyboard entry ONLY ip 


ALL FULLY TESTED - IN GOOD CONDITION 


MARCONI 6311 prog sweep gen, 10MHz-20G#2 ... 
HP 8657A syn sig gen, 100KHz-1040MHz 

HP 8656B syn sig gen, 100KHz-990MHz 

HP 8656A syn sig gen, 100KHz-990MHz 
GIGATRONIC 7100 syn sig gen, 10MHz-20GHz 


HP4275A LCR meter, 10KHz-10MHz 
HP4192A LF impedance analyser, 5Hz- 13MHz.. 
HP 89036 distortion analyser 

MARCONI 2305 mod meter, 500KHz-2GHz 


Sweep Delay 
Includes 2 probes 
ONLY 


STABILOCK 4015 radio comm test set 
HP 5350B freq counter, 20GHz 

HP 346B noise source, 10MHz-18GHz 

HP 11692D dual dir coupler, 2GHz-18GHZ 


TEKTRONIX 400 SERIES i 
saeseheenenctantelehetiacaain HP 11691D dual dir coupler, 2GHz-18GHz 


H.P. 8640A AM/FM Signal Gen 
500kHz-1024 MHz 
500kKHz-512 MHz version .............. 


OSCILLOSCOPES 


pe Digital oe Dual Trace 100MHz Delay 
pod ey a Storage Dual Trace 100MHz Delay 
race 350MHz Delay Sweep 
73 Dual Trace 200MHz Delay Sweep 
465 Dual Trace 100MHz Delay Sweep. 


TEKTRONIX TAS465 d It 100MHz de! ts 
HC3502 Dual Trace 20MHz ual trace, z delay, etc. . 


5mV-20V/Div; 0°2u UNUSED OSCILLOSCOPE 


secs-0°5 Sec/Div; 

X-Y: X§ Magnifier; 
HP 54610B dual trace, 500MHz, 20M/S 
HP 54600B dual trace, 100MHZ, 20M/S 


TVv/Sync etc. 
sola GED GOULD 465 dual trace, 100MHz, 200M/S 
GOULD 400 dual trace, 20MHz, 100M/S 


STEWART of READING 


110 WYKEHAM ROAD, READING, BERKS. RG6 1PL a 
Telephone: (0118) 9268041. Fax: (0118) 9351696 
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) 
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THESE TWO HAVE NEVER BEEN SO CHEAP 


£6000 
MARCONI 2107 AM/FM phase locked sig gen, 10KHz-1024MHz ....£1200 
£2750 DATRON AutoCal multimeter, 5%%-7% digit, 1065/1061A/1071 


im £900 
FARNELL AMM2000 auto mod meter, 10Hz-2:4Ghz, fmt £1250 
£2250 


PHILIPS PM3082 2 +2 ch., 100MHz delay, @tC. ........ccccccceees £900 
....£800 


TEKTRONIX TDS350 dual trace, 200MHz, 1GS/Sec ......... £1500 
TEKTRONIX TAS485 4-channel, 200MH2z ete. 0.0... £1000 
£2000 


SPECTRUM ANALYSERS 


H.P. 8595E 9KHz-65KHz with Opts 004/041/101/105/110, 
857171A card and 850244 high freq. probe £9000 

H.P. 8590A 10KHz-1-8GHZ (75= OWMS)........-cccccccseeseseeseseeeeee £2250 

H.P. 8558B with main frame 100KHz-1500MHz 

H.P. 853A (dig frame) with 8559A 100KHz-21GHz 

H.P. 3582A dual channel 25KHz 

MARCONI 2382 100Hz-400MHz high resolution 

B&K 22033R signal analyser 

ADVANTEST TR4131 10KHz-3-5GHz 

MARCONI 2370 30Hz-110MHz 

H.P.141 Systems: 

8553 1KHz-110MHz 


MARCONI TF2015 
AM/FM Sig Gen 
10-520NHz 


RACAL 9008 
Automatic mod meter 
1-5MHz-2GHz 


WAYNE KERR inductance analyser 3245 
H.P. 8112A pulse generator, 50MHz 


From £: 
SCHLUMBERGER 7081 precision voltmeter, 8/2-digit 
RACAL 1998 rhe Reale 1-3GHz, IEEE ete. oo... ceeeeceee £400 
MARCONI 2440/2442 freq. counter, 20GHz/26GHz ...From £1250 
PHILIPS PM5328 sig gen, 100KHz-180MHz, with built-in 
200 MHz freq. counter, IEEE 


£500 MARCONI 6500 amplitude analyser 


FARNELL PSU type AP 100/30 
FARNELL PSU type AP70/30 


B&K Accelorometer 
TEKTRONIX probes P6109B, 100MHz readout, unused 


TEKTRONIX probes P6106A 250MHz readout, unused 


GOULD J3B Sine/Square Oscillator 
100Hz-100KHz. Low distortion 
ONLY 


FLUKE MULTIMETERS 
Type 8050A 4'-digit, 2A True RMS 
Type 8010A 3%-digit, 10A 

Type 8012A 31%-digit, 2A 


FARNELL L30/2 Bench Power Supply 


0-30 Volts; 0-2 Amps. 
only Gp 


Constant D.C. outputs/ 
Constant current. 
MANY OTHER POWER SUPPLIES AVAILABLE 


Used £100 


SPECIALS — Limited Quantity 


MARCONI 2022E 
Syn AM/FM SIG GEN, 10 KHz-1-01z 
Up to +10dBm output, phase mod, I.c.d. display, 


keyboard entry, etc., small, ada pe 75525) 


FLUKE SCOPEMETERS 
Models 93/96/99, dual trace, 50MHz plus digital 
storage, etc. Unused from £400 to £650 


POWER SUPPLY Model HSP3010, 
0-30V, 0-10 Amps current 
limiting. 2 meters 


GOODWILL 

GVT427 DUAL CHANNEL A.C. 
MILLIVOLTMETER 

10,V 300V in 12 ranges 
Frequency 10Hz-1MHz 
Unused £125 


FARNELL LF1 Sine/Sq Oscillator 
10Hz-1MHz 
ONLY 


LEVELL TG200DMP RC Oscillator 
1Hz-1MHz Sine/Square, meter, « 


battery operated (Batteries not supplied) &> 
A Classic Bench Multimeter 
. Solatron 7045 — 4% Digit. bright 
le.d. Working with leads. 
ONLY 


I's s  socheap you should have it as a elas 


Solatron 7150 
DDMM 6:5 digit 
True RMS IEEE 


WAYNE KERR AMM255 
Automatic Modulation Meter 
Ee td e : AM/FM 1-5MHz-2GHz 3:5 digit 


Unused Gp 
as see 


GOODWILL GFC 8010G 
FREQUENCY COUNTER, Range 
1HZ-120MHz, 8-Digit Display, 15mvV : 
RMS Sensitivity | Unused £75 





Used Equipment —- GUARANTEED. Manuals supplied 


This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availability 


before ordering. 
CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage 
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PRACTICALLY SPEAKING 


Robert Penfold looks at the Techniques of Actually Doing It! 


T LEAST one semiconductor device 

is an essential part of any modern 
electronic project. The word semicon- 
ductor covers everything from a humble 
diode right up to the latest micro- 
processor containing the equivalent of 
millions of components. Simple semi- 
conductors such as transistors and 
diodes are still used to some extent in 
modern electronic circuits, but most 
designs now seem to be based on inte- 
grated-circuits (i.c.s). 

Finding the right semiconductors in 
component catalogues can often be 
problematic for beginners. Indeed, inte- 
grated circuits are probably the most 
difficult to deal with because they tend 
to be divided into various categories. 

You have to look for each device 
under the right category in order to 
stand any chance of finding it. 
Alternatively, there may be a complete 
list of devices that you can search 
through, but unless you know what you 
are doing it can be difficult and very 
time consuming to locate a device from 
a list having many thousands of entries. 


Numbers Up 

Finding the right component is much 
easier if you understand the fundamen- 
tals of integrated circuit type numbers. 
There may be some exceptions, but 
practically all integrated circuits have 
type numbers which break down into 
three sections. 

The first part of the number is usual- 
ly two or three letters that indicate the 
manufacturer. Each manufacturer may 
use more than one set of letters, with 
linear devices perhaps having a differ- 
ent prefix to logic types. 

Another complication is that many 
integrated circuits are second-sourced. 
Industrial customers do not like being 
tied to a single source of supply, so many 
integrated circuits are manufactured 


under license by a Second manufacturer. — 


These second-source components may 
retain the original type number, or the 
prefix may be changed to that of the 
second-source manufacturer. 

The practical consequence of this is 
that you do not have to worry too much 
if the first two or three letters in the type 
number of the device you obtain are not 
what you were expecting. If you require 
an MC1458CP but are supplied with a 
CA1458E there is no need to panic. 
They are the same chip manufactured 
respectively by Motorola and RCA. 

Some popular devices, including this 
dual operational amplifier, are actually 
manufactured by several companies, 
and can be obtained with various pre- 
fixes in the type number. This is not an 
entirely satisfactory state of affairs, as 
there is plenty of scope for errors to 
occur. 

In order to minimise the risk of the 
wrong parts being ordered manufactur- 
ers try to avoid duplication of the 
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middle part of the number, which is the 
actual type number. This is usually from 
three to five characters long, and con- 
sists entirely of numerals. It is not 
inconceivable that you could find a 
semiconductor that is completely differ- 
ent to the device you require but has 
the same type number. 

In practice the chances of this hap- 
pening are extremely remote, but it 
does no harm to look at the descrip- 
tions of semiconductors to see if they 
match up with the required device. If a 
design requires an operational amplifi- 
er but the device you find in a compo- 
nent catalogue is a timer chip, it is 
clearly the wrong device and you must 
continue searching through the 
catalogue. 


Little Packages 

The final part of the type number 
indicates the package type, and is usu- 
ally one or two letters. The integrated 
circuits used in designs for the home 
constructor are normally contained ina 
d.i.|. (dual-in-line) plastic encapsula- 
tion. Dual-in-line simply means that the 
component has two rows of pins. 

Unfortunately, manufacturers do not 
all use the same suffix letters for a 
given package type. In our earlier 
example of the same device under two 
different type numbers, the suffix letters 
were “CP” and “E”. 

In the first type number the “C” and 
“P” respectively indicate a dual-in-line 
package and that it is made from plas- 
tic. In the second example the single 
letter “E” means exactly the same thing. 
With other manufacturers the suffix for 
this type of encapsulation is “CN”, “C’, 
“N”, “CS”, “P”, and “G”. No doubt there 
are many other alternatives. 


On the Surface 

At one time some devices were 
offered to amateur users in more than 
one case style, but this practice now 
seems to have died out. These days 
most components catalogues only list 
the standard plastic cased version of 
each integrated circuit, so there is no 
need to worry too much about the 
suffix. 

However, some catalogues do now 
include a few surface-mount versions 
(SMDs), so you need to tread a little 
warily when ordering devices that are 
listed in two versions. The component 
catalogue should make it perfectly clear 
which device is which. 

In most catalogues there are so 
many integrated circuits on offer that 
they are put into several categories to 
make life easier when searching for a 
device. There will normally be two cate- 
gories of logic device, which are the 
4000 series CMOS integrated circuits 
and the 74 series TTL chips. 

At one time there were the original “A” 
suffix CMOS devices and the newer “B” 


series components. The “A” series have 
been obsolete for many years now, and 
all the devices listed in the catalogues 
are “B” series chips. If you dig up an old 
design, as many readers seem to do, 
there should be no problem in using “B” 
series CMOS components where “A” 
series chips are specified. 

Things are less straightforward with 
the TTL integrated circuits. These exist 
in several improved ranges, and the 
original range is now obsolete. 

The main type number of the original 
devices has “74” as the first two digits, 
followed by a two or three digit serial 
number. This basic scheme of things is 
retained in the current devices, but 
some letters are added between the 
“74” and the serial number to denote 
which family the device comes from. 

This is “LS” for low-power Schottky, 
“HC” for high-speed CMOS and “HCT” » 
for the high-speed CMOS devices that 
operate at normal TTL voltage levels. 
The original 7421 is therefore available 
as the 74LS21, the 74HC21, and the 
74HCT21. 

In fact there are many other 
improved TTL ranges, but most are 
now obsolete or not generally available. 
There is a general lack of compatibility 
between the different families of TTL 
integrated circuits, and it is very impor- 
tant to ensure that you always obtain 
the correct version. 

In most component catalogues the 
non-logic devices tend to be lumped 
together under the general heading of 
“linear” integrated circuits. This cate- 
gory covers a wide range of integrat- 
ed circuits including audio and other 
low frequency devices, radio and 
other communications chips, timers, 
oscillators, etc. If you require some- 
thing other than a standard logic 
device it will probably be in the linear 
devices, even if it is not strictly speak- 
ing a linear component. 


Voltage Regulators 

You may find voltage regulators in 
the linear section, but they often have a 
section of their own. In component lists, 
and often in catalogues, many of the 
more common voltage regulators are 
listed under their basic type numbers 
with no prefixes and suffixes. 

This is simply because these devices 
are manufactured by numerous compa- 
nies and they consequently have a 
bewildering range of full type numbers. 
In some cases the type numbers may 
be abandoned altogether, with the volt- 
age and current ratings being specified 
instead. 


Current Affairs 

Voltage regulators are easier to deal 
with if you understand the way in which 
the basic type numbering operates for 
the common fixed voltage types. 
Regulators for use with positive 
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supplies have a type number that starts 
“78”, and those for operation with neg- 
ative supplies have type numbers that 
begin with “79”. 

For a device that will operate at up to 
one amp (1A) the next part of the type 
number is two digits that indicate the 
output voltage. For example, the two 
digits are “O5” for a 5-volt regulator and 
“15” for a 15-volt type. There are about 
half a dozen or so standard output volt- 
ages from five to 30 volts. 

Regulators having other operating 
currents are available, and a letter 
inserted in the middle of the number 
indicates the current rating. This is “L” 
for 0-1A, “M” for 0-5A, and “S” for 2A. A 
component having 78L12 as its type 
number would therefore be a 12V, 0-1A 
positive voltage regulator, and one hav- 
ing 7905 as the type number would be 
a 5V 1A negative regulator. 





Fig.1. The two normal methods of 
identifying pin one of an i.c. 


Marked Concern 

Beginners are often concerned at the 
extra markings found on most integrated 
Circuits, and on some other components 
such as transistors and capacitors. One 
of these will usually be the manufacturer's 
logo, and the country of manufacture will 
sometimes be shown. 

Any other markings are unlikely to be 
of any significance at all. Any additional 
numbers are just things like batch num- 
bers, or the date of manufacture in 
some oddly coded form, such as the 
number of days since the factory was 
opened. 

You soon get used to picking out the 
type number and ignoring all the extra- 
neous characters. 


Getting Physical 

Getting integrated circuits fitted onto 
the circuit board correctly should be 
very straightforward. Most integrated 
Circuits are contained in d.i.l. packages 
having from 8 pins to 40 pins. 

It is possible to fit a device of this type 
the wrong way round, and_ rotated 
through 180 degrees from the correct 
orientation. Getting an integrated circuit 
the wrong way around is likely to have 
dire consequences, because the supply 


with a supply of the 





pins are usually at — 
opposite corners. . 

With the device fit- | 
ted the wrong way 
round it will be fed 


wrong polarity. In 
itself this is unlikely — 
to “zap” a modern. 

semiconductor, but a 
very high supply cur- 
rent is likely to flow. If 
this current is main- 
tained for more than 
a few seconds the 
device will almost — 
certainly overheat, — 
and it Is “par for the 
course” if an over- 





heated semiconduc- Fig. 2 ~_— phioes use aie one method of indicating pin one 
tor explodes with a (left and middle) while others use all three (right). 


loud “crack”. 

The original method of indicating the 
correct polarity of an i.c., and one that 
is still widely used today, is to have a 
“notch” in what is normally considered 
to be the top edge of the component, 
and a “dimple” next to pin one (see 
Fig.1). When viewed from above, the 
pin numbering runs anticlockwise. 

In component layout diagrams both 
the indentation and notch are normally 
shown, and it is just a matter of orient- 
ing the actual component to match up 
with its representation in the diagram. 
As a double-check, you can check that 
the pin one connection agrees with the 
Circuit diagram. 

These days it seems to be quite rare 
for d.i.l. integrated circuits to have both 
the notch and the dimple, and there is 
usually only one or the other (see 
Fig.2). This does not really matter, 
since either one of them is all that is 
needed in order to determine the cor- 
rect orientation for a d.i.l. component. 

There is now another method of indi- 
cating the top end of the component 
and pin one, and this is to have a white 
bar marked across the top of the case 
(also shown in Fig.2). This method 
seems to be little used for linear inte- 
grated circuits, although it is on the 
increase. It is used a great deal on logic 
integrated circuits, particularly the 
4000 series CMOS 
devices. 

A few devices have 
the “belt and braces 
approach”, with the 
notch, indentation, 
and white bar all 
included. Provided at 
least one of these 
markings is present 
there should be no > 
problem in getting a | 
device fitted the right 
way round. | 

However, do not 
be fooled by mould- 
ing marks, manufac- | 
turer's logos, and | 
other irrelevant mark- 
ings on the case. 
These are usually — 
easy to distinguish ~ 


from the “real thing”, Fig. 3. Integrated circuits come in a variety of shapes and 


but some devices sizes. 
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have what at first glance appears to be 
notches at both ends of the case. Close 
inspection will reveal that one is the 
notch and the other is just a moulding 
mark, which is larger and shallower 
than the notch. 


In Disguise 

Not all integrated circuits have d.i.l. 
encapsulations. The more simple 
devices, such as many voltage regula- 
tors, look like ordinary transistors or 
power transistors. 

Audio power amplifiers often look 
like outsize power transistors having 
some extra “legs”. The more complex 
audio power amplifier and voltage reg- 
ulator chips look like a cross between 
a d.i.l. integrated circuit and a power 
transistor. 

There are some devices that have a 
S.i.l. (Single in-line) encapsulation. A 
range of devices that have unusual 
case styles is shown in Fig.3. 

The dimple and (or) notch to identify 
pin one is retained with some of these 
more exotic encapsulations, while oth- 
ers have a lack of symmetry that makes 
it obvious which way round they are fit- 
ted. The article concerned should 
always have diagrams that make the 
correct orientation of the component 
perfectly clear. 





835 


era Ne 





PIC BASIC 


Write your PICmicro programs in BASIC! 


Quicker and easier than ‘‘C’” or assembler Expanded 
BASIC Stamp | compatible instruction set. True com- 
piler provides faster program execution and longer 
programs than BASIC interpreters. 12CIN and 121COUT 
instructions to access external serial EEPROMs. More 
user variables Peek and Poke instructions to access 
any PiCmicro register from BASIC. Serial speeds to 
9600 baud. In-line assembler and Call support (call your 
assembly routines). Supports PIC12C67x, PIC14Cxxx, 
PIC16C55x, 6xx, 7xx, 84, 92x and PIC16F8x/PIC16F877 
microcontrollers. Use in DOS or Windows Compatible 
with most PiCmicro programmers. 
The low-cost PicBasic Compiler (PBC) makes it easy to 
write programs for the fast Microchip PlCmicros. PBC con- 
verts these programs into hex or binary files that can be 
programmed directly into a PlCmicro microcontroller. The 
easy-to-use BASIC language makes PICmicro programming 
available to everyone with its English-like instruction set. No 
more scary assembly language! 
With Support for 16F877 and Smart Memory Card 
The PicBasic Pro Compiler runs on PC compatibles. 
It can create programs for the PIC12C67x, PIC12CE67x, 
PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 9xx, PIC16CE62x 
and PIC16F8x microcontrollers. The PicBasic Pro Compiler 
instruction set is upward compatible with the BASIC Stamp 
ll and Pro uses BS2 syntax. Programs can be compiled 
and programmed directly into a PlCmicro, elliminating the 
need for a BASIC Stamp module. These programs execute 
much faster than their Stamp equivalents. They may also be 
protected so no one can copy your code! 
Pic Basic — £49.95 
Pic Basic Pro — £149.95 
Supplied with full documentation 
Free PIC MACRO compiler and 
sample basic programs including support for 
1M Smart memory card 


Alll 
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EPIC ™ 


@elLow cost programmer for PIC12Cxxx, 
PIC12CExxx, PIC14Cxxx, PIC16C505, 55x, 
6xx, 7xx, 84, 9xx, PIC16CE62x and PIC16F8xx 
microcontrollers 

e ZIF adapters available for 8/18- and 40/28-pin 
DIP, 8-, 18- and 28-pin SOIC, 44-pin MQFP 
and 44- and 68-pin PLCC PlCmicros 

e Runs off two 9-volt batteries or optional AC 
adapter 

@ Connects to PC parallel printer port 

e Software upgradeable for future PICmicros 

@ Includes “8051” style PICmicro macro 
assembler 

@ Available assembled and tested or 
as bare board with diskette 
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LL8A9LOld MAN AHL SLYOddNS 


EPic Programmer £49.95 
or £35 if purchased with 
PIC BASIC or Pro 
25-pin cable £5.95 
PIC16F84 £1.90 


plus £5 P&P and 17:5% VAT 


Join the world wide PIC Basic mail list and access the PIC Basic Knowledge Base via FTP 
E-mail: majordomo@qunos.net with “subscribe picbasic-1” in the message 


AMAZING LOW PRICES 


PIC16F84 /04P £1.90 each 
PIC16F877 /04/P £5.75 each 


PIC PROGRAMMER kIT 


Programs the Popular PIC 16C84, 16F84, 24xx series serial memory devices. Connects to the 
serial port of a PC and requires NO EXTERNAL power supply. The kit includes instructions for 
assembly, circuit diagram and component layout. 


PIC16F877 20/P £6.75 each 
PIC12C508/509 £0.65 each 


This handy little programmer is easy to build, taking no more 
than 30 minutes to assemble and test. The Professional quality 
PCB is double-sided, through-plated with solder resist and 
screen printing to aid efficient assembly. It is supplied with driver 





24LC16 £0.75 each software to run in DOS on a 386 PC upwards and under 
24LC65 £1.50 each Bee tec i cheats ter PIG device, inGuding FREE 
PIC16C620 £1.95 each Only £15.00 including Delivery and VAT 
PIC 16C62 £2.25 each (requires 9-pin D-type to 9-pin D-type cable to connect to serial 
PIC16C622 £2.50 each meine 
PIC Micro CD ROM Packed with information, all data sheets, Programs and 


LCD DISPLAYS £7.50 


Diagrams, Application notes, PDF Viewer includes PING-PONG and TETRIS with video and 


sound out of a PIC’84 BASIC language ASSEMBLY routines! 
£10 inc P&P & VAT 





Crownhill Associates Limited 


The Old Bakery, New Barns Road, Ely, Cambridge, CB7 4PW 
Tel: 01353 666709 Fax:01353 666710 
www.crownhill.co.uk E-mail: sales@crownhill.co.uk 


(2x16 line) Ideal for use with PIC Basic & Pro 


16F877 — £5.75 ea 
16F84 — £2.00 ea 
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Regular Clinic 


CIRCUIT 


ALAN WINSTANLEY —— 
and IAN BELL 






werner gy 


Our team of surgeons examines electrical resistivity, a follow-up on relaxation oscillators 
and advise on phone or power line suppression. 


More Earthly Comments 

In your power generation article 
(September '99) in which you describe 
mains earthing, cables with armouring 
usually have a lead sheath which provides 
the earth path. The lead sheath and 
armouring are bonded together. You are no 
doubt aware that copper has a higher con- 
ductivity than steel. L. Hutchinson, 
London. 


In case readers missed it, we published a 
two-part article describing power genera- 
tion and electricity distribution in the 
August and September '99 issues (From 
Pipelines to Pylons). The armoured cable 
photographed on Page 656 (September 
issue) was assembled before my very eyes 
by a helpful National Power engineer at 
the Killingholme “A”’ power plant. 

It seems to be typical of the underground 
cable used to connect modern houses to the 
incoming electricity supply. It was 
sheathed using what was assumed to be a 
steel braid rather than, say, tinned copper 
wire. I haven’t come across lead sheathed 
power cables which presumably are used 
underground, but doubtless any electrical 
engineers looking in will put me right 
(please). 

I can also testify that even the toughest 
steel armoured cable couldn’t withstand 
the onslaught of a two-ton fork lift truck: 
in a previous employment I saw one slice 
straight through a live steel braided cable 
when it collided with a factory wall! 

Let’s examine conductivity a bit more. 
Any term which ends in “-ivity”’ relates to 
the property of a particular substance. The 
electrical conductivity of a material deter- 
mines how effectively it will conduct elec- 
tric current, and is represented by the 
Greek sigma symbol o. 

Quite often it is the electrical resistivity 
of a substance which is of interest, a co- 
efficient which is specified in ohm-metres 
(€2m). Resistivity has the Greek symbol p 
(rho) and the lower a material’s resistivity, 
then obviously the better a conductor of 
electric current it will be. Using this value 
it is possible to calculate the resistance of, 
say, a copper conductor if we know its 
cross-sectional area. 


The electrical resistance of a sample of 
material is given by 


ta—2 


A 


where R is the material’s resistance in 
ohms; p is its co-efficient of resistivity in 
ohm-metres, L is its length in metres and A 
represents the cross-sectional area of the 
material in sq. metres, see Fig.1. 


R = OVERALL RESISTANCE (Q) 

L = LENGTH (METRES) 

A= CROSS-SECTIONAL AREA 
(SQ. METRES) 


L 
R= & 
A 


*, p(RHO) = = 


(p = COEFFICIENT OF RESISTIVITY 
IN OHM-METRES) 





Fig.1. A conductor of length L and 
cross-sectional area of A has a resis- 
tance which can be calculated using its 
coefficient of resistivity. 


As examples, the resistivity of copper is 
1-7 x 10°8 ohm-metres at room tempera- 
ture whilst that of Germanium, a semicon- 
ductor, is 0-5Q2m. Quartz has a resistivity 
of 5 x 1016Q2m which means that it’s a very 
good insulator. (You can learn a lot more 
about the basics of electronics starting this 
month with our interactive flagship educa- 
tional series, Teach-In 2000, written by 
John Becker.) 

The conductivity o of a material is the 
inverse or reciprocal of its resistivity: the 
lower its resistivity then the higher its con- 
ductivity will be. Measured in the SI unit 
of conductance or siemens (S) (formerly 
mhos — ohms spelt backwards), conductiv- 
ity is calculated by 1/p = 1/RA. This means 
that copper has a conductivity of, let’s see, 
5:8 x 107 S m~! and quartz has a conduc- 
tivity of 2 x 10-17 S m_!. I haven’t been 
able to confirm a value for the resistivity of 
steel — there are many different grades of 
steel after all. 


Thermal Conductivity 
Overhead power lines are usually made 

of aluminium alloy which is much lighter 

than its alternatives, so fewer pylons are 
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needed to suspend the cables overhead. 
The overhead cables are also cooled by 
winds, which brings me to another coeffi- 
cient of interest, that of thermal conductiv- 
ity, symbol A (Lambda). This indicates the 
ability of a material to conduct heat from a 
“hot spot”’ to a surrounding cooler area, so 
that the temperature differences are ironed 
out (as it were). 

Thermal conductivity properties are of 
great interest to heatsink manufacturers, 
who usually extrude aluminium heatsinks 
in lengths which are then cut to size, 
punched and anodised. Soldering irons 
also rely on the principle of thermal con- 
duction to transport heat from the heating 
element, through the shaft and to the tip, 
from where it passes to the solder joint. 
ARW. 


Oscillator Feedback 


Most of the correspondence we receive 
contains questions for the Circuit Surgery 
team, however, we are also pleased to 
receive comments and corrections. It is 
always interesting to hear from readers 
who have additional insights to problems 
we have discussed and we will publish 
these where space permits. 

Tan Field from Letchworth, Herts., 
wrote at length on the subject of the 
“Lighting-Up Reminder’? complimentary 
oscillator circuit which we discussed in the 
August 1999 issue. The deceptively sim- 
ple-looking circuit has a complex opera- 
tion which has defeated many a designer. 

Mr. Field has been producing diverse 
applications for this circuit for over 30 
years and therefore knows the circuit quite 
well. As a schoolboy he used the circuit, he 
says, to create a motorcycle sound effect 
and as a radio jammer (tut-tut!). 

He also says that the amber flashing traf- 
fic lamps often left by roadworks make use 
of this circuit, adding: 

I cannot remember the exact values. I 
think that it may have been IuF or 1u5 and 
2k2 or 4k7 (series resistance with C1). 
Resistor RI was 100k+1M in series with 
an l.d.r. from the tap down to OV. The load 
was a 6V 0-09A lamp. The circuit would 
oscillate without the use of the resistor in 
series with the capacitor (C1), but the 
pulse was so short that the lamp filament 
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did not get hot enough to glow with such a 
short period. 

He says that he finds that oscillation is 
more stable and reliable if supply decou- 
pling is actually omitted (the lighting-up cir- 
cuit included it, but we chose to ignore it in 
our discussion). Mr. Field goes on to say: 

As TR2 begins to conduct and switches 
TRI into saturation, the charging current 
taken by C1 will also ensure that the cur- 
rent taken by TR2’s collector will force 
TR1’s V;,. well over 0-7V. This looks pretty 
much like an output short circuit to TR2. 
For this reason, supply decoupling is not 
only unnecessary, it is unwise. 

It is also my view that the parasitic 
inductance is not only helpful but essen- 
tial. There are certain applications in 
which this circuit simply will not work until 
the supply decoupling capacitor is 
removed. 

We have not attempted to investigate the 
effect of supply decoupling or parasitic 
inductance on this circuit but would be 
interested to hear from any readers who 
have had similar (or even contradictory) 
experiences. 


Simulations 

Mr. Field also comments on our comput- 
er simulation results, in particular he is 
concerned about the very large value of V;,, 
which occurs for a short time each cycle. 
He was concerned that the transistor would 
be destroyed and asks if the simulator pro- 
vided a warning of this. 

In fact, large transient voltages and cur- 
rents often occur in switching circuits. The 
fact that they are very short in duration 
means that they do not have sufficient 
energy to damage the transistors, even 
when they apparently exceed the data sheet 
limits. 

It is also true to say that simulators may 
indicate far larger voltages or currents than 
would actually occur in the real circuit. 
This can be due to a situation in which a 
component would be destroyed but also 
due to use of simplistic models which do 
not include all the limiting mechanisms. 

Our simulation was fairly crude, but it 
was sufficient for our purpose. We used a 
generic transistor model (not a particular 
transistor such as the BC558), the power 
supply was modelled as an ideal voltage 
source and no decoupling was included. 

This was in line with the aims of the 
article, that of providing a general under- 
standing of the circuit’s operation for peo- 
ple who may find it difficult to understand 
at all. Our objective was not to analyse the 
more subtle and detailed aspects of the cir- 
cuit’s behaviour, however, we are extreme- 
ly grateful to Mr. Field for writing to us on 
his detailed knowledge of this circuit. JMB. 


Asta Movistor 

Can you think of a circuit which will 
divert lightning away from modems, by 
shorting such massive voltages to earth? 
Alternatively, is there a circuit for an opti- 
cal isolator which I could use between the 
phone socket and modem? 


Thanks to regular correspondent Phil 
Dodd. 1 receive quite a few queries on 
phone line suppression or modification, 
but the fact that phone socket modifica- 
tions are prohibited unless they are BABT 
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approved rules out any form of home- 
made improvisation. I commented in 
September’s Net Work, our Internet col- 
umn, that Zoom modems carry extra light- 
ning protection together with a five year 
guarantee. 

Any protection is better than none and 
though it is touch and go whether anything 
can withstand the intense energy of a light- 
ning strike, you can try to clamp incoming 
spikes on phone lines or the mains supply. 
Some modems incorporate MOV (metal 
oxide varistor) or “Movistor”’ suppression, 
see the symbol in Fig.2a. 


—yn— 


SYMBOL 





Fig.2. (a) Symbol of a Metal-Oxide 
Varistor (MOV) and (b) a typical appli- 
cation for a mains-rated varistor. 


These voltage-dependent resistors nor- 
mally have a very high impedance but they 
will shunt any high energy spikes away, 
hopefully preventing them from reaching 
sensitive circuitry. A wide variety is avail- 
able including some types which are suit- 
able for connection directly across the 
mains, to help avoid spikes damaging elec- 
tronic equipment. 

The company Furse supply “telephone 
line protectors’’, and one model is said to 
be for protecting modems and other equip- 
ment with BT jack connections. It’s sold 
by Farnell (Tel. 01132 636311) part num- 
ber 188-566 and although it costs £47 + 
VAT, it is somewhat cheaper than a new 
motherboard or modem. 

For home computer use consider a 
Belkin Surgemaster Power Strip for sus- 
ceptible equipment, which has six filtered 
mains outlets together with a protected BT 
phone socket as well. It claims to handle 
18,000 amps surge current and clamps 
within one nanosecond. They cost about 
£30 from PC World or Viking Direct. 

One correspondent has even suggested a 
form of “lightning early warning system”’ in 
the form of an old fluorescent tube, one end 
of which is connected to a long wire “aerial”’ 
outdoors. The tube starts to glow, he sug- 
gests, when there is a sufficient electrical 
charge accumulating in the atmosphere, pre- 
ceding a possible lightning strike. ARW. 


Watts Wrong? 

Oops! Well spotted, readers! We made a 
blunder in the article on power output in 
the September 1999 issue. (Actually it was 
just a test to see how many of you noticed. 
Oh sure — Ed.) The error was spotted first 
by Mark Daniels of Clay Cross, 
Chesterfield who says: 








The r.m.s voltage of a square wave with 
50% duty cycle is not V,4/2. We must con- 
sider the average power in the load resis- 
tor over time to determine the effective (or 
r.m.s.) voltage. 

If we take a square wave with on time lop 
and off time tg and peak voltage V,;, we 
see that the power into the load resistance, 
R, is V2,,/R. This is the peak power Pp. 
The average power over the entire cycle is 
OP 5, where 0 = ton! (tonttog), 80 Prms = 
OF 

Substituting for Pym, and P, (using 
P=V2/R) we get V?ms/R = OV2,;/R. Hence 
V25ms = OV2,, and thus 


Vims= WOV? px 


Our mistake was due to an attempt to 
simplify things that went slightly awry. We 
were consciously trying to “reason” the 
result so as to make the article less mathe- 
matical but we made a silly error. Trying to 
avoid the maths was our downfall, the les- 
son to be learnt here is always use the 
maths to analyse an electronics problem if 
it is feasible to do so, never try to side-step 
it! 

In the September Surgery the statement 
that the power for our 50% duty cycle OV 
to 12V pulse wave is half that due to 12V 
d.c. is correct, but the r.m.s. voltage is 
8-49V (i.e. V(O-5 x122) using the above 
formula), not 6V, so the power is 9W not 
4-5W (the power of 12V d.c. into 8 ohms 
is 18W). Still 9W is less than the 11W 
desired, and Mark agreed with our com- 
ment that the general argument in our 
original article still stood. We will try 
harder in future, but let us know if you 
spot any more errors, readers, we might 
just be testing to see if you are paying 
attention.... 

Remember also that PMPO ratings are 
all but worthless. Alan was recently help- 
ing a friend choose a new stereo system, 
and the Technics unit they settled for had 
a rating of 7OW per channel r.m.s. 
However, the spec. sheet quoted a PMPO 
value of (wait for it): . . . 3,000 watts! 
IMB. 


CIRCUIT THERAPY 


Circuit Surgery is your column. If you 
have any queries or comments, please 
write to: Alan Winstanley, Circuit Surgery, 
Wimborne Publishing Ltd., Allen House, 
East Borough, Wimborne, Dorset, BH21 
IPF, United Kingdom. E-mail 
alan@epemag.demon.co.uk. Please indi- 
cate if your query is not for & 
publication. A personal reply B 
cannot always be guaranteed 
but we will 





try to pub- ¢ 
lish repre- 3. 
sentative ~~ 


answers in this column. 


ENTER THE CHAT ZONE 
The EPE Chat Zone on our web site is 
now open as a way for readers to exchange 
information, views, hints and tips in virtually 
real time. 
http://www.epemag.wimborne.co.uk/ 
wwwboard 
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C.C.T.V. BOARD CAMERAS FROM £19.95 


MINIATURE C.C.T.V. CAMERAS FROM TOP USA 
MAKER. IDEAL FOR COVERT SURVEILLANCE OR 
SECURITY USE IN SHOPS, OFFICES AND 
PRIVATE HOMES. CONNECTS TO ANY TV OR 
VIDEO IN SECONDS — OPTIONAL CABLE ETC. 
AVAILABLE. OUR 1993 PRICE FOR THIS CAMERA 
WAS £385!! HUGE RECESSION IN ELECTRONICS 
INDUSTRY HAS SLASHED THESE PRICES TO 
RIDICULOUS LEVELS! THESE ARE USA MADE - 
NOT CHEAP CHINESE MODELS. READY BUILT 
WITH LENS ETC. BRAND NEW 1999 STOCK — FULL 
12 MONTH GUARANTEE. WORKS FROM 9V-PP3 
BATTERY OR OUR CAMERA PSU AND CABLE KIT 
_ SHOWN BELOW. ONLY 50 LEFT IN STOCK. 



































ONLY 29mm x 29mm 






Audio Model add £5.00 gato 
ey 10 £19.95 1/3in. image sensor SURVEILLANCE, 
= ith 2 2 pixels. 
LOTS OF 5 ED ap | | With 288 x 352 pixels. MACHINE MONITORING, 









Auto iris. 270 lines. 6V 
to 12V D.C. 30mA. 
36mm wide angle 

pinhole lens included. 


NANNY WATCHING, 
STAFF THEFT, 
BIRD OBSERVATION, 


LOTS OF 2 £23.95 
SAMPLE £25.95 
Add P&P £3 ANY ORDER 
VAT INCLUDED 
























ETC. 
BRITISH PAL SYSTEM. 





“SECRET SPY CAMERAS 
MICRO SIZE 16mm x 16mm 


JAPANESE CCTV TECHNOLOGY REDUCES THE > 


SIZE FOR EASY CONCEALMENT. 
PLEASE ADD £2 TO ABOVE 29X29MM PRICES 
3-5MM WIDE ANGLE LENS INC. 


Camera PSU and Cable Kit 


A total solution for pow- 
ering and connecting to 
our range of board cam- 
era modules and covert 
cameras. The kit con- 
tains a quality plug-in 
mains adaptor and a 
20m _ pre-wired cable. 
One end of the cable 
has a SCART plug, an 
audio phono plug, a 
video phono plug and a DC power socket. The lead from the mains 
adaptor is plugged into the DC socket and either the SCART plug or 
audio and video phono plugs are plugged into your TV, monitor or 
VCR. 


MAPLINS PRICE £24.99. OUR PRICE £12.90 
CAMERA CASING WITH SWIVEL 












B&W 
CAMERA 


1/3in. CCD BOARD CAMERA 
WITH AUTO BACKLIGHT 

COMPENSATION 

128 STEP ELECTRONIC IRIS 
AND 380 TV LINES 

RESOLUTION. 

320,000 PIXELS AND 0-2 LUX 

LEVEL GIVES REMARKABLE 

CRYSTAL CLEAR PICTURES 

32mm (w) x 32mm(I) x 20mm (h) 















































MAPLINS PRICE £79.99 
OUR PRICE £35.95 WALL BRACKET TO TAKE ANY OF 
3‘6mm WIDE ANGLE LENS OUR BOARD CAMERAS £3.90 


ADD £5 AUDIO 


LASER POINTERS 
Professional model fires a small red laser dot 
over 250 metres. Built into executive ballpoint 
pen with case and batts. 


LIST £39.95 now £10.00 


Gold-plated Keyfob model 


LIST £29.95 now £9.00 
Multi Keyfob with 5 tips fires a dot, horizontal 
line, star, arrows and circle 


List241.25 Now £12.00 
Add £3 p&p any quantity. 


(Only sold to schools or tradesmen — no minors under 21) 


SONY COLOUR CCTV 
BOARD CAMERAS 


The best colour cameras we have ever seen — 
the rich colours and crystal clear images amazed 
our buyer! High grade Sony image sensor chip 
has auto iris and 290,000 pixels, 330 TV line 
resolution and LUX level 2. Standard UK PAL 
works on any TV or monitor. Use with our camera 
PSU and cable kit (see above), size 32mm x 
32mm, 12V DC or will work off PP3 9V battery 


NEW LOWER PRICE £96.00 (audio add £5) 
SHOPKEEPER'S EASIFIT COLOUR OBSERVATION SYSTEM 


OUR BEST 
SELLING 
COLOUR 

OBSERVATION 
SYSTEM 
MRRP £865 

TRADE PRICE 


£365.var 


(£427.87) 


4-COLOUR CAMERAS, 14in. MONITOR AND AUTO SWITCHER. 
ASK FOR OUR LEAFLET 


gs A. S. A. (Est, 1979) Order Hotline 
51 Cambridge Road 01642 851256 
Middlesbrough Fax: 


01642 823173 





SAVE £500 





ALL GOODS ARE BRAND NEW 
AND PERFECT. BULK BUYERS 
PLEASE ASK FOR JOHN. 
PRICES INCLUDE VAT. 





ee : a 
£3 PP. ANY SIZE ORDER “ : TS5 SNL 
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WILL SAVE 
YOU SOME 
BRASS 


Our quality range of thermally balanced irons is 




















now even better than ever. Easier to handle, cooler 
to use, each iron is manufactured in the UK and 
meets CE conformity. There’s an ‘In Handle’ 
adjustable temperature model and burn proof 
lead option and a wide selection of soldering bits. 
That’s the good news. The even better news is 
that all our irons are still very competitively priced 
Tel: 01822 613565 Fax: 01822 617598 


www.antex.co.uk 
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NOT JUST ANY OLD IRON 














WHETHER ELECTRONICS IS YOUR HOBBY 
OR YOUR LIVELIHOOD... 


you NEED THE MODERN ELECTRONICS MANUAL 
F-Vile mil = ELECTRONICS SER VICE MANUAL 





' The essential reference 
work for everyone 
studying electronics 


Easy-to-use format 

Clear and simple layout 
Comprehensive subject range 
In-depth theory 

Projects to build 

Detailed assembly instructions 
Full components checklists 
Extensive data tables 
Detailed supply information 


Professionally written 
Regular Supplements 
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Sturdy ring-binder 


EVERYTHING YOU NEED TO GET 
STARTED AND GO FURTHER IN ELECTRONICS! 


The revised edition of the Modern Electronics Base Manual amplifiers, car projects, computer interfaces, measuring 
contains practical, easy-to-follow information on the following instruments, workshop equipment, security systems, etc. 
subjects: The Base Manual describes 13 projects including a Theremin and 


a Simple TENS Unit. 
BASIC PRINCIPLES: Electronic Components and their 


Characteristics (16 sections from Resistors and Potentiometers to ESSENTIAL DATA: Extensive tables on diodes, transistors, 
Crystals, Crystal Modules and Resonators), Circuits Using Passive thyristors and triacs, digital and linear i.c.s. 

Components (9 sections), Power Supplies, The Amateur 

Electronics Workshop, The Uses of Semiconductors, Digital EXTENSIVE GLOSSARY: Should you come across a technical 
Electronics (6 sections), Operational Amplifiers, Introduction to word, phrase or abbreviation you're not familiar with, simply turn 
Physics, Semiconductors (6 sections) and Digital Instruments to the glossary included in the Manual and you'll find a 

(5 sections). comprehensive definition in plain English. 

CIRCUITS TO BUILD: There's nothing to beat the satisfaction of The Manual also covers Safety and Suppliers. 

creating your own project. From basic principles, like soldering and The most comprehensive reference work ever produced at a price 
making printed circuit boards, to circuit-building, the Modern you can afford, the revised edition of THE MODERN 
Electronics Manual and its Supplements describe clearly, with ELECTRONICS MANUAL provides you with all the essential 
appropriate diagrams, how to assemble radios, loudspeakers, information you need. 


THE MODERN ELECTRONICS MANUAL 


Revised Edition of Basic Work: Contains over 900 pages of information. Edited by John Becker. 

Regular Supplements: Approximately 160-page Supplements of additional information which, if requested, are forwarded to you 
immediately on publication (four times a year). These are billed separately and can be discontinued at any time. 

Presentation: Durable looseleaf system in large A4 format 

Price of the Basic Work: £39.95 (to include a recent Supplement FREE) 


UE eet el feledpe eltel(eteliclrelistieli)elfel(elelietieiclieli@ tele) elelisicticlielilelio ioral etrelishelieeeyy (is waran t P P SaaS 

i Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with either 
Manual, for whatever reason, simply return it to us in good condition, together with the Digital Multimeter, within 30 

n| days and we will make a full refund of your payment — no small print and no questions asked. 


5 (Overseas buyers do have to pay the overseas postage charge) 
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UNDERPINNING KNOWLEDGE: Specific sections enable you to Understand Electrical 
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PRACTICAL SKILLS: Learn how to identify Electronic Components, Avoid Static 
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Unlike a book or encyclopedia, these Manuals 
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Supplement contains around 160 pages — all for 
only £23.50+£2.50 p&p. You can, of course, 
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also purchase a range of past Supplements to 
extend your Base Manual on subjects of 
particular interest to you. 





We are able to provide you with the most 
important and popular, up to date, features in our 





Supplements. Our unique system is augmented 
by readers' requests for new information. 
Through this service you are able to let us know 
exactly what information you require in your 
Manuals. 
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if you have a specific technical request or query 
relating to the Manuals. 
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ONE-SHOT 











TERRY de VAUX-BA LBIRNIE 


Join the luxury set! 
Switches off your heated rear 
windscreen automatically 


car demister and forgotten to switch 
it off? Lost count? _ 

This means that the next time you switch 
on the ignition, the rear windscreen will 
warm up whether you need it to or not. The 
warning light usually found in the switch is 
not much help and is easily missed. 


SWITCH OFF 


A typical demister requires 12A approx- 
imately and will be even more in cars hav- 
ing a large rear windscreen. For example, 
the resistance of the heater element in a 
Renault Clio was measured and found to be 
0-9 ohms corresponding to about 13A or 
some 150 watts on the nominal 12V 
system. 

If you have the headlights switched on 
too plus a few of the high-current devices 
which seem to have become part of modern 


i OW many times have you used your 


motoring, this imposes a considerable load © 


on the car charging system. In extreme 
cases, it can exceed the output of the alter- 
nator. The battery will then run down at a 
rate needed to make up the difference. 
This problem will be compounded if you 
do a lot-of “start-stop”’ driving where the 
starter motor is used excessively. Believe it 
or not, there are some people who leave 
their demister switched on right through 
the winter so that it will always operate 
while the ignition is on! 
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NOT FOR TURNING 


A large electrical load on the alternator 
will make its pulley harder to turn. So much 
so that the fan belt may slip and fail to trans- 


~ mit the drive properly. This can occur even 


with a correctly-tensioned fan belt and is 
aggravated by grease and dust collecting on 
its running surface. This will make the prob- 
lems mentioned earlier much worse. 

Using high-current electrical equipment 
significantly increases fuel consumption. 
This is because it is the fuel which provides 
the energy to generate all that electricity in 


the first place! For all these reasons, it 


makes sense to use the heated rear wind- 
screen sparingly and only for as long as it 
takes to have the intended effect. 

Some vehicles have a demister timing 


circuit already provided. However, most 


people have cars which are not so 
equipped. It is then left up to the driver to 
switch off manually when the rear wind- 
screen has cleared. 


OVERVIEW 

The Demister One-Shot described here 
is an easy-to-build add-on circuit which 
puts the heated rear windscreen under auto- 
matic control,On pressing a pushbutton 
switch, the heating element operates for 
some preset time between 6 and 50 minutes 
approximately then switches off. 





While it is on, an l.e.d. (light-emitting 
diode) glows to confirm this. If the button 
is pressed again during the course of oper- 
ation, it will switch off. Another cycle may 
then be initiated by pressing it again. 

The main unit is built in a small plastic 
box (see photograph) which is \ secured 
under the dashboard out of sight. A sepa- 
rate small panel having the switch and L.e.d. 
mounted on it is placed in a convenient 
position for the driver to operate (see 
photograph). 

It would also be possible to site the 
switch and l.e.d. on the front of the main 
unit. However, although it would avoid 
some wiring, the profile of the box would 
be rather large and it would not present a 
good appearance. 

The switch panel and main unit are inter- 
connected using a piece of 4-core light- 
duty wire. A piece of screw terminal block 
on the p.c.b. (printed circuit board) inside 
the main unit is used to make the connec- 
tions to the existing circuit. The unit 
requires only 1-3mA approximately while 
on standby. 


INITIAL CHECKS 


Before proceeding, we need to make 
some initial checks. A typical heated rear 
windscreen circuit is shown in Fig.1. Note 
that this is a simplified diagram and does 
not show, for example, the warning light 
which is usually built into the on-off 
switch. 

_ A relay is normally used to do the job of 
actually directing current to the rear screen 
element via a high current rating fuse. The 
dashboard-mounted switch then only needs 


——LOW.CURRENT 
FUSE 


ianition;} YO : 
SWITCH £22: 8: 22 = FUSE 


| HEATED REAR 
WINDSCREEN } 


| ELEMENT 


BE carcinsois 





Fig.1. Typical heated rear windscreen circuit arrangement. 
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to carry the small relay coil current (which 


arrives via the ignition switch and a fuse of 
low current rating) so it may be of a com- 


, pact light-duty type. 


Some cars may possibly have a switch 
which carries current direct from the sup- 
ply to the element — that is, without the use 
of a relay. The other end of the windscreen 
element is grounded (“earthed’’) to the 
chassis of the car to complete the circuit. 


CIRCUIT DESCRIPTION 


The full circuit diagram for the Demister 
One-Shot is shown in Fig. 2. IC1 is a timer 
integrated circuit of a type specially manu- 
factured for automotive applications. It is 
thus designed to be practically immune 
from false triggering due to random pulses 
which may appear on the supply lines. 
Also, it will not trigger on powering-up 
which can sometimes happen in circuits of 
this type. 





Car charging circuits are notoriously 


_ “noisy” with the alternator providing a very 


unsmooth supply. High-voltage spikes often 
appear in the wiring at random and when 
high-current inductive equipment is 
switched off, these effects can cause spuri- 
ous operation or false re-setting when ordi- 
nary i.c.s are used. They can even ruin an i.c. 

Another point is that when a high-cur- 
rent device is switched on, there is a sudden 
fall in supply voltage (due to the voltage 
drop across the resistance of the wiring). 
This can also cause false re-setting (switch- 
ing off). However, such problems do not 
occur in this circuit. 

With the specified i.c., much of the nec- 
essary circuitry is fabricated on the chip so 
the external component count is kept to a 
minimum. A 12V supply from the existing 
circuit is connected (via terminal block 
TB1/1) through fuse FS1 and diode D1 to 
the new circuit. 

The diode D1 gives reverse-polarity pro- 
tection since, if the supply were to be 
applied in the wrong sense, it would fail to 
conduct and nothing would happen. The 
fuse FS1 is included to guard against any 
unlikely failure of the circuit resulting in a 
short-circuit to the supply. 

Power is applied to IC1 pin 8 via the net- 
work consisting of resistor R2 and capaci- 
tor Cl which smoothes the supply and 
removes much of the line noise mentioned 
earlier. There is also an inbuilt 14V Zener 
diode connected between pin 8 and pin 1 
(connected to OV). This normally does 
nothing but serves to protect the i.c. from 
spikes greater in voltage than 14V because 
the diode would conduct and bypass them. 





Fig.2. Complete circuit diagram for the rear screen Demister One-Shot. 


TIME DELAY 


The time delay aspect of the circuit 
works like this. The resistance appearing 
between IC1 pin 6 and pin 7 (R) operates in 
conjunction with the capacitance between 
pin 6 and the OV line (C) to set the fre- 
quency (f) of an on-chip oscillator. 

The minimum allowed values of C and R 
(1n and 59k) will provide the highest fre- 
quency (about 20kHz) while the maximum 


ones (4u7 and 280k) will give the lowest — 


about 1Hz. The frequency may therefore be 
set to any value between these limits by a 
suitable choice of components. 

One cycle of the oscillator will take the 
time, 7, given by 1/f and will be 0-05ms at 
a frequency of 20kHz and one second at 


1Hz. On the first pulse of the oscillator, IC1 . 


output (pin 2) will go low. An internal 


~ counter then “clocks up” the total number 


of cycles until 73728 have been registered 


+V 


STAB 


IC1 
U6047B OCS 


RLA . TOGGLE 


OV(GND) 





whereupon the i.c. times out and pin 2 
reverts to its former state. The formula for 
the delay time (7) is therefore given by: 


T = 73728 x If. 


With the highest and lowest values of C 
and R, this gives upper and lower limits of 


20 hours and 4 seconds approximately. Of — 


course, this range is far too great for the 
present application. The advantage of 
using a large number of cycles is that the 
value of C can be kept low and this 
reduces the size and cost of the finished 
circuit. | 


TIME ADJUSTMENT 


It is necessary to provide an adjustment so 
that the timing may be preset to suit individ- 
ual requirements. For this reason, R compris- 


eS preset potentiometer VR1 connected in 


series with fixed resistor R3. The timing 

capacitor is C2 and this is fixed in value. 
With VR1 set to minimum, the period 

will be some 6 minutes and when at maxi- 


-mum, about 50 minutes. This range of val- 


ues will be found satisfactory for most pur- 
poses. However, the timing could be 
extended by increasing the value of capaci- 
tor C2 as required. 

The output at IC1 pin 2 takes the form of 
a Darlington driver. This is designed to oper- 
ate the coil of a fairly substantial relay direct. 
In fact, the output will supply up to 300mA 
approximately although, here, the coil of 
relay RLA requires only some 70mA. | 

Note that no external diode is connected 
across the relay coil as is normal practice. 
This is because a diode (in fact it is a 23V 
Zener diode) is already fabricated on the 
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chip. This protects the i.c. from the reverse 


high-voltage pulse which appears across 
the coil when the magnetic field in the core 
collapses on switching off. When this hap- 
pens, the diode conducts and bypasses it. 

Light-emitting diode D2, together with 
series resistor R1, are connected in parallel 
with the relay coil. The l.e.d. therefore | 
glows while the coil is drawing current and 
serves to show that the circuit is timing. 
Resistor R1 limits its operating current to 
about 20mA. 

While the relay is energised, its normal- _ 
ly-open (“make’’) contacts close and direct 
current from the +12V feed (at terminal 
block TB1/1), via the existing high-current 
fuse, to the “live” side of the heated rear 


windscreen (connected to TB1/3). 


Pins 3 and 4 (internal switch) of IC1 
could be connected to OV via pushbutton 
switches to perform separate on and off 


‘functions respectively instead of using’ 


toggle operation (press on, press off). 
However, there seems no point in using two 





switches instead of one and these pins are — 


left unconnected. 
Pin 5 of IC1 is the toggle input and may 
be made low momentarily by operating 


COMPONENTS 


Resistors See 
R1 4702 


SHOP 
RS sk = «6 TALK 


All 0-25W 5% carbon film page 


Potentiometer 
VR1 470k sub min. enclosed 
carbon preset, vertical 


Capacitors 
C1 47u radial elect. 25V.. 
C2 100n metallised polyester 
-—2-5mm pin spacing 


Semiconductors 
D1 1N4001 50V 1A rect. 
diode. 
D2.: 3mm red l.e.d. 
IC1 U6047B automotive-type 
timer i.c. 


Miscellaneous 
~ RLA 12V 170 ohm coil 
_automotive-type relay, 
with single-pole 
changeover contacts 
rated at 16A minimum 
1A sub-min. axial fuse. 
miniature push-to-make 
switch. 
3-way section of p.c.b. 
screw terminal block 
(10mm pin spacing) 
rated at 16A minimum. 
Printed circuit board available from the 
EPE PCB Service, code 245; plastic box, 
size 97mm x 73mm x 39-5mm for main 
unit; potting box, size 38mm x 38mm x 
19mm, for the switch panel or small 
bracket (see’ text); 8-pin d.i.l. socket; 16A. 
minimum auto-type multistrand wire; 3A 
auto-type wire; auto-type e.g. “bullet” con- 
nectors — 16A rating minimum; 18s.w.g. 
tinned copper wire; 3mm l.e.d. clip; light- 
duty 4-core stranded wire; connectin 


wire; solder, etc. 7 
Vo) ego) eam Ofek | S 1 4 | 
Guidance Only 


excl. auto-cable & boxes & 
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pushbutton switch $1. With each press, the 
circuit will alternate between * ‘timing”’ and 
ee off’’. 


DEBOUNCING 


The contacts of a mechanical switch. 


bounce as they close. That is, they repeat- 
edly “break”’ and “make”’ a few times until 
they settle down to a closed state. 

This could present a problem with S1 
because, on operating it, pin 5 would go 
low several times in rapid succession. The 
first low state to arrive would trigger the 
circuit, the second would cancel it and so 
on. Whether the i.c. was ultimately left in a 


set (on) or re-set (off) condition would ‘ 


therefore be unpredictable. 

To avoid this problem, the switch is 
“debounced” using the internal oscillator. 
Thus, only the low state arriving on the first 
cycle will have any effect. The circuit will 
then be inactive for a short time so that any 
further pulses will not be “seen’’. 

This allows the contacts to settle down. 
The inactive time is very short (about six 
oscillator cycles) so the unit will respond 
correctly when the switch is operated 
again. 

While the circuit is timing, the normally- 
open (“n.o.’’) contact (RLA1) of the relay 
is “made”’ (closed) and provides a +12V 
feed to the non-earthed terminal of the 
heated rear windscreen or possibly short- 
circuit the existing switch (more will be 
. said about this later). The existing switch 
will not be used and it would be a good idea 
to tape it over, so that it cannot be operated 
inadvertently. If this was done, the demister 
would heat up irrespective of the status of 
- the new circuit. 


CONSTRUCTION 


Construction of the main unit is based on 
a single-sided printed circuit board (p.c.b.). 
The component layout and full-size copper 
foil master are shown in Fig. 3. This board 
is available from the EPE PCB Service, 
code 245. It will be noted that all the com- 
ponents are mounted on this except switch 
S1 and l.e.d. D2 which are sited on a sepa- 
rate panel or small plastic box. 

Begin construction with the p.c.b. Drill 
the three mounting holes and then solder 
the i.c. socket in position (but do not insert 
the i.c. yet). This should be followed by the 





_ Printed circuit board component layout, interwiring 





three-way piece of screw terminal block 
and the relay. Next, the resistors (including 
preset VR1) and capacitor C2 can be added. 

Solder fuse FS1 in place. Note that the 
specified, axial lead, fuse is a sub-miniature 
type designed to be soldered directly on the 
p.c.b. This is convenient because, in prac- 
tice, it is unlikely ever to blow. However, 
some readers may wish to use a separate 
chassis fuseholder instead with its wires 
soldered to the “FS1”’ pads. 

Finally, add capacitor Cl and diode D1 
taking care to observe the polarity of these 
components. Adjust VR1 fully clockwise 
(as viewed form the top edge of the p.c.b.) 


to give minimum timing which will be best | 


for testing purposes. 


REINFORCEMENTS 
NEEDED 


Depending on how the unit will be con- 
nected to the existing system, the relay con- 
tacts will possibly need to carry the full 
demister operating current and it will be 
necessary to re-inforce the copper sections 
of p.c.b. track between the normally-open 
(n.o.) contacts and the terminal block pins 
(shown by cross-hatching in Fig.3). This 
should be done by soldering pieces of 
20s.w.g. (or thicker) tinned copper wire 
along their length. 

This is necessary because the tracks will 
not be capable of carrying the high current 
needed to operate the windscreen heater ele- 
ment. Without re-inforcement they would 
overheat and could possibly melt. Reinforce- 
ment is always necessary where a direct 
+12V feed is made to the heater element. 


Some readers may prefer to use the relay. 


contacts in the new unit simply to bypass 
the present switch. Assuming there is an 
existing relay, there would be no need to re- 
inforce the tracks because they would only 
carry the current for its coil. 

This method is not really ideal because 
there would now be two relays in the circuit 
and this would introduce an element of unre- 
liability. However, it does have the advantage 


_ that the wiring may 
_ be easier to carry out 


since you only need 
to gain access to the 
existing switch tags. 
More will be said 
about this later. 


CONTROL 


and full size underside copper foil master. 
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BOX PREPARATION 


Prepare the plastic box for the p.c.b. by 


_ marking the mounting holes on the bottom 
~ and drilling these. Drill a hole in the rear, 


close to the l.e.d. “D2” and pushswitch 
“‘S1”’ points on the p.c.b. This will allow the 
wires to pass through to the panel. Drill a 
larger hole near to the terminal block TB1 
position for the wires passing through to 
the car system. 

Decide on suitable positions for the main 
unit and switch panel. These should be fair- 
ly close together so that the length of the 
inter-connecting lead is 20cm maximum. 
Cut off a piece of light-duty 4-core strand- 
ed wire to reach between the two. 

If stranded 4-core wire is not available, use 
two pieces of 2-core. Note that suitable 4-core 
wire is available as “burglar alarm cable” but 
take care that it is not of the solid-core type 
(often sold as “telephone cable’’) which 
would break easily in service. 

Pass one end of the wire through the hole 
and solder the ends to the D2 and S1 points 
on the p.c.b., see Fig.3. Make a careful note 
of which wire is which and, particularly, 
which one is for the l.e.d. anode (a) and 
which for the cathode (k). , 

Attach the p.c.b. using short spacers on 
the bolt shanks to keep the copper track 
side clear of the bottom of the box. Leaving 
a little slack in the wire on the inside, apply 
a small cable clamp or a tight cable tie to 
the wire to provide strain relief. 


GND (OV) +V 
RLA VSTAB 
ON OSC RIC IN 
OFF TOGGLE 
U6047B 









REINFORCE 
TRACK 
(SEE TEXT) 


® 


TO HEATED REAR 
WINDSCREEN 
“LIVE” TERMINAL 
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Completed circuit board mounted inside the main unit box. Use nylon nuts and bolts 
with suitable spacers. You must use heavy-duty automotive wire for connections 


from the terminal block. 


SWITCH PANEL 


In the prototype unit, the switch panel 
was made using a “potting box’’, size 
38mm x 38mm x 19mm approx. However, 
many readers will have their own ideas 
about how this should be constructed. 

A small car-type accessory bracket could 
be used providing it is large enough to 
accommodate the l.e.d. and switch. It 
would also be possible to make your own 
bracket using sheet aluminium sprayed in 
a suitable colour. 

Another idea would be to utilise the 
blanking plate often fitted to unoccupied 
Switch positions. Whatever method is used, 
make sure the connections to the switch 
and l.e.d. are insulated so that no metal 
parts can touch them. 

Assuming a small box (such as a potting 
box) is used, drill holes for the l.e.d. clip 
and switch also a hole in a side panel for 
the leadout wire to pass through. Mount 
these components and pass the free end of 
the wire through the hole. 

Solder the ends of the wires to the lL.e.d. 
and switch taking care that the correct wire 
is connected in each case. Note that the 
anode (a) l.e.d. wire is connected to the 
longer end wire. 
clamp the wire as in the main unit so that it 
cannot pull free in service. 


TESTING 


Testing the finished unit is best carried 
out using a 9V battery. In this way, any 
problems may be resolved before connect- 
ing the circuit to the car system. Note that, 
although a 9V supply will be sufficient to 
operate the circuit, it will probably not 
make the relay click over. 

However, operation may be monitored 
by observing the l.e.d. Insert IC1 into its 
socket. Since it is a bipolar device, it 
does not require any special handling 
precautions. 

Referring to the wiring diagram of Fig.3, 
connect terminal TB1/1 (+12V feed) and 
TB1/2 (chassis) on the p.c.b. to the positive 
and negative battery terminals respectively. 


Leaving a little slack, 


Press the Demist switch S1 and note that 
the l.e.d. comes on. 

After about six minutes (this is subject to 
quite a wide variation), it should go off 
again. Re-trigger and press the button again 
before the end of the natural time-out peri- 
od. The l.e.d. should go off immediately. 

If this basic test works, it is likely that 
the circuit will operate correctly when con- 
nected to the car system. Adjust preset VR1 
to approximately mid-track position. 


CONNECTING UP 


The next stage is to install the two units 
in the vehicle. Remove the fuse which pro- 
tects the heated rear windscreen and check 
that the circuit is “dead’’. This fuse will be 
rated at, say, 16A. Do not confuse it with 
any low-current fuse used in the relay coil 
circuit or elsewhere. Make small brackets 
to attach the units, route the inter-connect- 
ing wire as required and attach the control 
panel but do not secure the main unit yet. 

Decide on how the unit is to be connec 
to the car system. If you follow the 
method used in the prototype, you will 
need to pick up the high-current +12V 
feed for the existing circuit at a conve- 
nient point between the “live” relay 
“make” contact and the fuse. If conve- 
nient, you could make the connection 
at the relay itself using the appropri- 
ate connector. 

Do not connect to any other cir- 
cuit and do not use any low-cur- 
rent connection to the coil of an 
existing relay. On no account, wire 
the unit so that the full heater 
operating current flows through 
the ignition switch unless it has 
been designed for such use — it 
would be destroyed. 

Using automotive wire of 16A 
rating minimum, make the connec- 
tion to TB1/1. Another connection 
will need to be made to the “live” 
(non-earthed) side of the rear screen 
heater element. You will be able to 
make this between the relay contact 
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and element or, of course, at the relay itself. 
This wire is connected to TB1/3. 

For all this wiring, use proper automo- 
tive (for example, “bullet’’ type) connectors 
of appropriate rating. Note also that if any 
wire needs to pass through a hole in metal, 
it must be protected using a plastic 
grommet. 

As mentioned earlier, you could possibly 
use the relay contacts in the new circuit 
simply to bypass the original rear screen 
heater switch. Check that there is a +12V 
supply at one terminal of the switch which 
is obtained via a low-value fuse. 

Assume for the moment that there is an 
existing relay. Using the appropriate con- 
nectors, obtain a +12V feed from the live 
side of the switch and connect it to TB1/1. 
Connect the terminal of the switch which 
leads to the relay coil to TB1/3. 

Since the wiring only needs to carry the 
current for the relay coil, you could use 
light-duty type (say, 3A rating) but note 
that it must still be of the proper automo- 
tive type. If there is no existing relay, this 
method will still work but make sure that 
the p.c.b. tracks have been re-inforced as 
described. earlier. Also, the connections 
must be made with wire of 16A rating 
minimum. 

Cut a piece of wire (which may be of 3A 
automotive type) for the “ground’’ (car 
chassis) connection. Make this long enough 
to reach a nearby metal earth/chassis point. 
Connect this to terminal TB1/2. Leaving a 
little slack in all the wires, clamp them 
inside the box so that they cannot pull free 
in use. 


ON THE ROAD 


Secure the main unit in position. Replace 
the high current fuse, switch on the ignition 
and press the Demist switch $1. The Heater 
l.e.d. should come on and the demister 
operate. Cancel before the battery runs 
down significantly. 

On a test drive, try it for the set time. All 
that remains is to determine the best oper- 
ating period and adjust preset VR1 over a 
period of a few days for best effect. [] 










Dash-mounted switch box. 
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£1 BARGAIN PACKS 


- List No. 2 





1 item per pack unless otherwise stated. 


30A PORCELAIN FUSE HOLDERS. Make your own fuse 
board. Pack of 4. Order Ref: 82. 
4-5V 150mA D.C. POWER SUPPLY. Mains operated, fully 
' enclosed so quite safe. Order Ref: 104. 
CROCODILE CLIPS. Small size, 10 each red and black. Order 
Ref: 116. 
PLASTIC HEADED CABLE CLIPS. Nail in type, several sizes. 
Pack of 50. Order Ref: 123. 
MES BATTEN HOLDERS. Pack of 4. Order Ref: 126. 
2 CIRCUIT MICRO SWITCHES (Licon). pack of 4. Order Ref: 
157. 
113A SWITCH SOCKET. Quite standard but coloured. Order 
Ref: 164. 
30A PANEL MOUNTING TOGGLE SWITCH. Double pole. 
Order Ref: 166. 
3/8 RUBBER GROMMETS. Pack of 10. Order Ref: 181. 
BC LAMP HOLDER ADAPTORS. Pack of 4. Order Ref: 191. 
SUPERIOR TYPE PUSH SWITCHES. Make your own key- 
board. Pack of 8. Order Ref: 201. x 
MAINS TRANSFORMER 8V-0V-8V ‘2A. Order Ref: 212. 
SUB MIN TOGGLE SWITCHES. Pack of 3. Order Ref: 214. 
HIGH POWER 3in. SPEAKER (11W 8o0hm). Order Ref: 246. 
_MEDIUM WAVE PERMEABILITY TUNER. It’s almost a com- 
plete radio with circuit. Order Ref: 2247. 
SCREW DOWN TERMINALS with through panel insulators. 
Pack of 4. Order Ref: 264. 
L.C.D. CLOCK DISPLAY. ‘in. figures. Order Ref: 329. 
PUSH-ON LONG SHAFTER KNOBS for ‘in. spindle. Pack of 
10. Order Ref: 339. 
EX-GPO SPEAKER INSERTS. Ref 4T. Pack of 2. Order Ref: 
352. 
SUB MIN I.F. TRANSFORMERS. Jut right if you want coil 
formers. Pack of 50. Order Ref: 360. 
24V 200mA P.S.U. Order Ref: 393. 
HEATING ELEMENT. Mains voltage 100W, brass encased. 
Order Ref: 8. 
MAINS INTERFERENCE SUPPRESSOR. Order Ref: 21. 
ROCKER SWITCHES. 10A mains voltage. Pack of 3. Order 
Ref: 41. 
MINI UNI SELECTOR with diagram for electronic jig-saw. 
Order Ref: 56. 
APPLIANCE THERMOSTATS. Adjustable up to 15A. Pack of 
2. Order Ref: 65. 
MAINS MOTOR with gearbox giving 1 rev per 24 hours. Order 
Ref: 89. 
ROUND POINTER KNOBS for flatted '4in. spindles. Pack of 
10. Order Ref: 295. 
CERAMIC WAVE CHANGE SWITCH. 122-pole, 3-way with 
Yin. spindle. Order Ref: 303. 
PLASTIC STETHOSETS. Take crystal or magnetic inserts. 
Pack of 2. Order Ref: 331. 
PRE-SET RESISTORS. Various types and values. Pack of 20. 
Order Ref: 332. 
CAR TYPE ROCKER SWITCHES. Assorted, pack of 6. Order 
Ref: 333. 
REVERSING SWITCH. 20A double pole or 40A single pole. 
Order Ref: 343. 
SKIRTED CONTROL KNOBS. Engraved 0-10, pack of 4. 
Order Ref: 355. 
' LUMINOUS PUSH-ON PUSH-OFF SWITCHES. Pack of 3. 
Order Ref: 373. 
MAINS TRANSFORMER OPERATED NICAD CHARGER. 
Cased with leads. Order Ref: 385. 
CLOCKWORK MOTORS. Run for one hour. Order Ref: 389. 
SLIDE SWITCHES. Single pole changeover. Pack of 10. 
.Order Ref: 1053. 
2-CORE MAINS LEAD. Black, 2m long. Pack of 4. Order Ref: 
1020. 
DITTO 3 core, black. Pack of 3. Order Ref: 1021. 
HEAD CLEANER. For your video or tape, complete with 
brush. Order Ref: 1026. 
PAXOLIN PANEL. Approximately 12in. x 12in. Order Ref: 
1033. 
CLOCKWORK MOTOR. Suitable up to 6 hours. Order Ref: 
1038. 
TRANSISTOR DRIVER TRANSFORMER. Maker's ref. no. 
LT44, impedance ratio 20k ohm to 1k ohm, centre tapped, 
50p. Order Ref: 1/23R4. 
TUBULAR ELECTROLYTIC CAP. Twin 200uF at 275V, just 
one. Order Ref: 1046. 
HIGH CURRENT RELAY. 12V D.C. or 24V A.C., operates 
changeover contacts. Order Ref: 1026. 
FIGURE 8 FLEX. Ideal speaker lead, 12m. Order Ref: 1024. 
6V SOLENOID with good strong pull. Pack of 2. Order Ref: 
1012. 


TUBULAR ELECTROLYTICS. 150.F at 200V. Pack of 3. | 


Order Ref: 993. 

MINI RELAY. 5V, coil size 50mm x 15mm x 15mm with closing 
5A contacts. Pack of 2. Order Ref: D41. 

MINI RELAY with 5V coil, size 26mm x 19mm x 17mm, 2 sets 
changeover contacts. Just one. Order Ref: D42. 


FERRITE RODS. 3/8in. diameter, 8in. long. Pack of 3. Order - 


Ref: D53. 

ROTARY SWITCH. 9-pole, 6-way. Pack of 2. Order Ref: D54. 
2-CORE CURLY LEAD. 5A, 2m. Order Ref: 846. 

3-CORE CURLY LEAD. 13A, 1m. Order Ref: 847. 

_ DELAY SWITCH. on B7G base. Order Ref: 854. . 

3 CHANGEOVER RELAY. 6V A.C., 3V D.C. Order Ref: 859. 

3 CONTACT MICRO SWITCHES, operated with slightest 
touch. Pack of 2. Order Ref: 861. 

HIGHVAC NUMICATOR TUBE. Highvac ref XN3. Order Ref: 
865. 

DITTO but reference XN11. Order Ref: 866. 

QUARTZ LINEAR HEATING TUBES. 306W but 110V so 
would have to be joined in series. Pack of 2. Order Ref: 907. 
2IN. ROUND LOUDSPEAKERS. 50A coil. Pack of 2. Order 
Ref: 908. 

25M 4-CORE CABLE. Suitable for telephone extension. Order 
Ref: 918. 
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12V 8A DC POWER SUPPLY. Totally enclosed with 
its own cooling fan. Normal mains operation.: Price 
£11. Order Ref: 11P6. 

SOUND SWITCH. Can be operated by clapping 
hands, shouting or almost any other noise. Comes 
complete with instructions, assembled and ready to 
work but needs casing. Price only £3. Order Ref: 
3P246. 

1MA PANEL METER. Approximately 80mmm x 


55mm, front engraved 0-100. Price £1.50 each. Order 


Ref: 1/16R2. 

VERY THIN DRILLS. 12 assorted sizes vary betwen 
0-6mm and 1-6mm. Price £1. Order Ref: 128. 

EVEN THINNER DRILLS. 12 that vary betwen 
0-1mm and 0-5mm. Price £1. Order Ref: 129. 

TWIN TELEPHONE JACK PLUG. Enables you to 
plug 2 telephones into the one socket for all normal 
BT plugs. Price £1.50. Order Ref: ??? 

D.C. MOTOR WITH GEARBOX. Size 60mm long, 
30mm diameter. Very powerful, operates off any 
voltage btween 6 and 24 D.C. Speed at 6V is 200 
rpm, speed controller available. Special price £3 
each. Order Ref: 3P 108. 

FLASHING BEACON. ideal for putting on a van, a 
tractor or any vehicle that should always be seen. 
Uses an Xenon tube and has an amber coloured 
dome. Separate fixing base is included so unit can be 
put away if desirable. Price £5. Order Ref: 5P267. 
MOTOR SPEED CONTROLLER. These are suitable 
for D.C. motors for voltage up to 12 and any power 
up to 1/6 h.p. They reduce the speed by intermittent 
full voltage pulses so there should be no loss of 
power. In kit form these are £12. Order Ref: 12P34. 
Or made up and tested, £20. Order Ref: 20P39. 
MOST USEFUL POWER SUPPLY. Rated at 9V 1A, 
this plugs into a 13A socket. Is really nicely boxed. 
£2. Order Ref: 2P733. 

VARTA BATTERIES. A big purchase enables us to 
offer you 8 Varta AA batteries for only £1. These are 
really good batteries, give you long life. Order Ref: 
D511. 

BT TELEPHONE EXTENSION WIRE. This is proper 
heavy duty cable for running around the skirting 
board when you want to make a permanent exten- 
sion. 4 cores properly colour coded, 25m length. Only 
£1. Order Ref: 1067. 


SPECIAL PRICE FOR TWO MONTHS 
A SUPER 12V YUASA BATTERY. It is 18AH 
Yuasa made jelly type so maintenance free 
and usable in any position. Brand new and 
guaranteed 12 months. The regular price of these 
if £40 but for the months of September and 
October you can buy at £15 including VAT, two 
or more also carriage free. Order Ref: 15P78. 













LIGHT ALARM. A circuit for this appears in the 
February issue. however, we have a rather less 
complicated model already made up and in a nice 
case. Price only £3. Order Ref: 3P155. . 

ULTRA VIOLET VIEWING UNIT. This is a very neat 
metal enclosure about the size of a 6in. cube. The 
lamp and control gear are in the top compartment 
and an open space with a platform below allows you 
to inspect paper or other objects under the UV light. 
Intended for 230V mains operation. Price £12. Order 
Ref: 12P35. 

TWIN 13A SWITCHED SOCKET. Standard in all 
respects and complete with fixing screws. White, 
standard size and suitable for flush mounting or in a 
surface box. Price £1.50. Order Ref: 1.5P61. 
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GROWERS PLEASE NOTE: We now have a very 
useful 100W soil heater. This is essentially 5V 20A 
power supply, completely encased and with built-in 
cooling fan. We supply with it 10m of cable with in- 
structions on how to couple it to give the recom- 
mended 10W per sq. ft. or 5W per sq. ft. or a very low 
2-5W per sq. ft. Price for complete i.c.u. £15. Order 
Ref: 15P79. . 

BIG 12V TRANSFORMER. It is 55VA so over 4A. 
Beautifully made and well insulated. Live parts are in 
a plastic frame so cannot be accidentally touched, 
£3.50. Order Ref:3.5P20. — 

TWIN 13A SOCKET. Good British make, white, quite 
standard size so suitable for flush mounting or ina 
surface box. £1.50. Order Ref: 1.5p61. 

1mA PANEL METER. Approximately 80mm x 50mm, 
front engraved 0-100, price £1.50. Order Ref: 1/16R2. 
LIGHT ALARM. Or it could be used to warn when 
any cupboard door is opened. The light shining on 
the unit makes the bell ring. Completely built and 
neatly cased, requires only a battery, £3. Order Ref: 
3P155. 

WATER LEVEL ALARM. Be it bath, sink, cellar, 
sump or any other thing that could flood. This device 
will tell you when the water has risen to the present 
level. Adjustable over quite a useful range. Neatly 
cased for wall mounting, ready to work when battery 
fitted. £3. Order Ref: 3P 156. 

BIKE RADIO. In fact, it’s more than a radio, it’s an 
alarm and a spotlight. The radio is battery operated, 
of course, and needs 3 AA cells. Only one band but 
this is the FM band so will receive Radio 1 and 2. 
Comes complete with handlebar fixing clips. Price £4. 
Order Ref: 4P72. 

PHILIPS 9in. MONITOR. Not cased, but it is in a 
frame for-rack mounting. It is high resolution and was 
made to work with the IBM. ‘One per disk’ computer. 
Price £15. Order Ref: 15P1. 

METAL CASE FOR Qin. MONITOR. Supplied as a 
flat pack. Price £12. Order Ref: 12P3. 

TELEPHONE EXTENSION LEAD. Nicely made and 
BT approved. Has the plug into BT socket one end 
and the telephone socket the other end, total length 
12m. £2. Order Ref: 2P338. 

INSULATION TESTER WITH MULTIMETER. In- 
ternally generates voltages which enable you to read 
insulation directly in megohms. The multimeer has 
four ranges AC/DC volts, 3 ranges DC milliamps, 3 
ranges resistance and 5 amp range. Ex-British 
Telecom but in very good condition, tested and 
guaranteed, probably cost at least £50 each, yours 
for only £7.50 with leads, carrying case £2 each. 
Order Ref: 7.5P4. 

REPAIRABLE METERS. We have some of the 
above testers but faulty, not working on all ranges, 
should be repairable, we supply diagrams. £3. Order 
Ref: 3P176. 

FOR QUICK HOOK-UPS. 
You can’t beat leads with a 
croc clip each end. You can 
have a set of 10 leads, 2 
each of 5 assorted colours 
with insulated crocodile clips 
on each end. Lead length 
36cm, £2 per set. Order 





Ref: 2P459. 


VERY POWERFUL BATTERY MOTORS. Were | 


intended to operate portable screwdrivers. Approxi- 
mately 2v2in. long, 1zin. diameter, with a good length 
of spindle. Will operate with considerable power off 
any voltage between 6V and 12V D.C. Price £2. 
Order Ref: 2P456. Quantity discount 25% for 100. 
RECHARGEABLE BATTERIES. AA size, pack of 4. 
£2.50. Order Ref: 2.5P32. 

BIG 12V TRANSFORMER. It is 55VA so that is over 
4A which is normal working, intermittently it would 
be a much higher amperage. Beautiful transformer, 
well made and very well insulated, terminals are in a 
plastic frame so can’t be accidentally touched. Price 
£3.50. Order Ref: 3.5P20. 

SPECIAL YUASA BATTERY OFFER. You can have 
5 x 12V Yuasa batteries, the one we normally sell for 
£3.50, for £15. These batteries have a capacity of 
2:3AH. This may be a bit low for some jobs, but 
remember you can join them in parallel to give you a 
higher amperage. Order Ref: 15P77. 

CHARGER FOR YUASA BATTERY. This battery 
charger plugs into a 13A socket, charges at approxi- 
mately 1/2A so it would charge this battery overnight. 
Complete with croc clips, ready to go. £5. Order Ref: 
5P269. 


RECHARGEABLE NICAD AA BATTERIES. You 
can have these at a bargain price of 50p each, but 
you have to buy a pack of 10 which would give you a 
12V rechargeable battery. However, it is quite easy to 
divide into 2 x 6V rechargeables or 10 x 1:2V 
rechargeables. Order Ref: 5P287. Made by Varta. 

A REALLY POWERFUL ROTATOR. It is a mains 
motor, rated at 1200W, which means that it would 
tackle jobs requiring up to 11 h.p. It revs at 2900 and 
is reversible and it can be used horizontally or verti- 
cally and although it is a very powerful motor, it will 
do any job requiring up to this amount of power, 
providing, of course, you have the room for it. It is 
6'Zin. diameter and 6in. long. It has a mounting plate 
and 2in. spindle coming out of one end. To the other 
end is a fan, but this could be removed and you 
would then have another cia Price £14. Order 
Ref: 14P 1. 

1:5-6V MOTOR’ WITH 
GEARBOX. Motor is 
mounted on the gearbox 
which has_ interchangeable 
gears giving a range of 
speeds and motor torques. 
Comes with full instructions 
for changing gears and 
calculating speeds, £6. 
Order Ref: 7P26. 





TERMS 


Send cash, PO, cheque or quote credit card number 
— orders under £25 add £3.50 service charge. 


J & N FACTORS 


Pilgrim Works (Dept. E.E.) 


Stairbridge Lane, Boiney, 
Sussex RH17 5PA 


Telephone: 01444 881965 
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BOOK OF THE 
MONTH 


£1 off if purchased before 
August 31, 1999 


HOW ELECTRONIC THINGS WORK ... and 
what to do when they don’t 


Robert Goodman 


At some time or another; almost every 
household electronic product, be it your VCR, 
your PC, or your cellular phone, will ex- 
perience some type of glitch. Many of the 
so-called extensive repairs made by high- 
priced repair shops actually involve adjusting 
- a few components or replacing a few cheap 
parts. Other times the problem is beyond the 


call in the pros. This book will provide 
the do-it-yourselfer with a heavily illustrated 
guide to performing basic troubleshooting 
and repair on the most common electronic 
equipment, safely and cost-effectively. This is 
an American publication. 


% Provides a basic introduction to trouble- 
shooting and safety requirements. 

% Provides a brief. overview, easy-to-use 
schematics and photographs for each of 
the most common household devices. 

% Written for a novice do-it-yourselfer and 
assumes no prior troubleshooting and 
repair experience. | 

% Contains the most common problems and 
solutions for each device discussed. 


260 pages £16.99 


PRACTICAL REMOTE CONTROL PROJECTS 
Owen Bishop ; 
Provides a wealth of circuits and circuit modules for use in 
remote control systems of all kinds; ultrasonic, infra- 
red, optical fibre, cable and radio. There are instructions 
for building fourteen novel and practical remote control 
projects. But this is not all, as each of these projects 
provides a model for building dozens of other related 
circuits by simply modifying parts of the design slightly to 
suit your own requirements. This book tells you how. 

Also included are techniques for connecting a PC to 
a remote control system, the use. of a microcontroller 
in remote control, as exemplified by the BASIC Stamp, 
and the application of ready-made type-approved 418MHz 
radio transmitter and receiver modules to remote control 


systems. 
CPR esky ««—«s-«s£5.99 


160 pages 
PRACTICAL ELECTRONIC MODEL RAILWAY — 
PROJECTS 
R. A. Penfold 
The aim of this book is to provide the model railway 
enthusiast with a number of useful but reasonably simple 
projects that are easily constructed from readily available 
components. Stripboard layouts and wiring diagrams are 
_ provided for each project. The projects covered include: 
constant voltage controller; pulsed controller; pushbutton 
pulsed controller; pulsed controller with simulated inertia, 
momentum and braking; automatic signals; steam whistle 
sound effect; two-tone horn sound effect; automatic two- 
tone horn effect; automatic chuffer. ; 


The final chapter covers the increasingly popular sub- © 


ject of using a computer to control a-‘model railway layout, 
including circuits for computer-based controllers and sig- 


nalling systems. 
Order code BP384 £4.99 


151 pages 

A PRACTICAL INTRODUCTION TO SURFACE 

MOUNT DEVICES 

Bill Mooney 

This book takes you from the simplest possible starting 
point to a high level of competence in handworking with 
surface mount devices (SMD’s). The wider subject of SM 
technology is also introduced, so giving a feeling for its 
- depth and fascination. 

Subjects such as p.c.b. design, chip control, soldering 
techniques and specialist tools for SM are fully explained 
and developed as the book progresses. Some useful con- 
_ structional projects are also included. 

Whilst the book is mainly intended as an introduction, it 
is also an invaluable reference book, and the browser 
should find it engrossing. 


120 pages Order code BP411 £4.99 
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TEACH-IN No. 7. plus FREE SOFTWARE 
ANALOGUE AND DIGITAL ELECTRONICS COURSE 
(published by Everyday Practical Electronics) 

Alan Winstanley and Keith Dye B.Eng(Tech)AMIEE 


' This highly acclaimed EPE Teach-/n series, which included 


the construction and use of the Mini Lab and Micro Lab 
test and development units, has been put together in 
book form. Additionally, EPT Educational Software have 
developed a GCSE Electronics software program to com- 
pliment the course and a FREE DISK covering the first two 
parts of the course is included with the book. 

An interesting and thorough tutorial series aimed speci- 
fically at the novice or complete beginner in electronics. 
The series is designed to support those undertaking either 
GCSE Electronics or GCE Advanced Levels, and starts 
with fundamental principles. 

If you are taking electronics or technology at school 
or college, this book is for you. If you just want to 
learn the basics of electronics or technology you must 
make sure you see it. Teach-/n No. 7 will be invaluable 
if you are considering a career in electronics or even 
if you are already training in one. The Mini Lab and 
software enable the construction and testing of both 
demonstration and development circuits. These learn- 
ing aids bring electronics to life in an enjoyable and 
interesting way: you will both see and hear the electron 
in action! The Micro Lab microprocessor add-on system 
will appeal to higher level students and those develop- 
ing microprocessor projects. ; 


160 pages £3.95 





FAULT-FINDING ELECTRONIC PROJECTS 
R. A. Penfold ; 
Starting with mechanical faults such as dry joints, 
short-circuits etc, coverage includes linear circuits, using a 
meter to make voltage checks, signal tracing techniques 
and fault finding on logic circuits. The final chapter covers 
ways of testing a wide range of electronic components, 
such as resistors, capacitors, operational amplifiers, 
diodes, transistors, SCRs and triacs, with the aid of only a 
limited amount of test equipment. 

The construction and use of a Tristate Continuity Tester, 
a Signal Tracer, a Logic Probe and a CMOS Tester are also 


included. 

136 pages £4.99 
TEST EQUIPMENT CONSTRUCTION 

R. A. Penfold 


This book describes in detail how to construct some 
simple and inexpensive but extremely useful, pieces of 
test equipment. Stripboard layouts are provided for 
all designs, together with wiring diagrams where ap- 
propriate, plus notes on construction and use. 

The following designs are included:- 
AF Generator, Capacitance Meter, Test Bench Amplifier, 
AF Frequency Meter, Audio Mullivoltmeter, Analogue 
Probe, High Resistance Voltmeter, CMOS Probe, Transis- 
tor Tester, TTL Probe. 

The designs are suitable for both newcomers and more 
experienced hobbyists. 


104 pages £3.99 


HOW TO DESIGN AND MAKE YOUR OWN PC.B.s 

R. A. Penfold 

Deals with the simple methods of copying printed circuit 
board designs from magazines and books, and covers 
all aspects of simple p.c.b. construction including photo- 
graphic methods and designing your own p.c.b.s. 


66 pages B Order code BP121 £3.99 


ELECTRONIC PROJECT BUILDING FOR BEGINNERS 
R. A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following topics: 
Component identification, and buying the right parts; 
Resistor colour codes, capacitor value markings, etc; Advice 
on buying the right tools for the job; Soldering, with advice 
on how to produce good joints and avoid “dry” joints; 
Making easy work of the hard wiring; Construction methods, 
including stripboard, custom printed circuit boards, plain 
matrix board, surface mount boards and wire-wrapping; 
Finishing off, and adding panel labels; Getting “problem” 
projects to work, including simple methods of fault-finding; 
In fact everything you need to know in order to get started in 
this absorbing and creative hobby. 


135 pages Order code BP392 £4.95 
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The books listed have been 
selected by Everyday Practi- 
cal Electronics editorial staff 
as being of special interest 
to everyone involved in elec- 
tronics and computing. They 
are supplied by mail order 
to your door. Full ordering 
details are given on the last 
. book page. 































FOR A FURTHER SELECTION 
OF BOOKS SEE THE NEXT 
TWO ISSUES OF EPE. 






























Note our UK postage costs | 
just £1.50 no matter how 
many books you order! 







RADIO / TV 
VIDEO 


ELECTRONIC PROJECTS FOR VIDEO 
ENTHUSIASTS 
R. A. Penfold 





: This book provides a number of practical designs for 


video accessories that will help you get the best results 
from your camcorder and VCR. All the projects use 
inexpensive components that are readily available, and 
they are easy to construct. Full construction details are 
provided, including stripboard layouts and wiring dia- 
grams. Where appropriate, simple setting up procedures 
are described in detail; no test equipment is needed. 

The projects covered in this book include: Four channel 
audio mixer, Four channel stereo mixer, Dynamic noise 
limiter (DNL), Automatic audio fader, Video faders, Video 
wipers, Video crispener, Mains power supply unit. 


109 pages £4.95 


SETTING UP AN AMATEUR RADIO STATION 

1. D. Poole 

The aim of this book is to give guidance on the decisions 
which have to be made when setting up any amateur 
radio or short wave listening station. Often the ex- 
perience which is needed is learned by one’s mistakes, 
however, this can be expensive. To help overcome this, 
guidance is given on many aspects of setting up and 
running an efficient station. It then proceeds to the 
steps that need to be taken in gaining a full transmitting 
licence. 

Topics covered include: The equipment that is 
needed; Setting up the shack; Which aerials to use; 
Methods of construction; Preparing for the licence. 

An essential addition to the library of all those taking 
their first steps in amateur radio. 


86 pages £3.95 
EXPERIMENTAL ANTENNA TOPICS 


~ H.C. Wright 


Although nearly a century has passed since Marconi's first 
demonstration or radio communication, there is still re- 
search and experiment to be carried out in the field of 
antenna design and behaviour. 

The aim of the experimenter will be to make a 
measurement or confirm’a principle, and this can be done 
with relatively fragile, short-life apparatus. Because of this, 
devices described in this book make liberal use of 
cardboard, cooking foil, plastic bottles, cat food tins, etc. 
These materials are, in general, cheap to obtain and easily 
worked with simple tools, encouraging the trial-and-error 
philosophy which leads to innovation and discovery. 

Although primarily a practical book with text closely 
supported by diagrams, some formulae which can be 
used by straightforward substitution and some simple 
graphs have also been included. 


72 pages £3.50 
25 SIMPLE INDOOR AND WINDOW AERIALS 
E. M. Noll 


Many people live in flats and apartments or other types of | 
accommodation where outdoor aerials are prohibited, or 
a lack of garden space etc. prevents aerials from being 
erected. This does not mean i have to forgo shortwave 
listening, for even a 20-foot length of wire stretched out 
along the skirting board of a room can produce accept- 
able results. However, with some additional effort and ex- 
perimentation one may well be able to improve perfor- 
mance further. 

This concise book tells the story, and shows the reader 
how to construct and use 25 indoor and window aerials that 
the author has proven to be sure performers. 

Much information is also given on shortwave bands, aerial 
directivity, time zones, dimensions etc. 


50 pages 81.78 
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‘Specially imported by EPE 


Bebop To The 
Boolean Boogie 


By Clive (call me Max) Maxfield 
ORDER CODE BEB1 £24.95 


An Unconventional Guide to Electronics 
Fundamentals, Components and Processes 


The Foreword by Pete Waddell, Editor, Printed Circuit Design, reads: 


“Personally, | think that the title of this tome alone (hmmm, a movie?) 
should provide some input as to what you can expect. But, for those 
who require a bit more: be forewarned, dear reader, you will probably 
learn far more than you could hope to expect from Bebop 
to the Boolean Boogie, just because of the unique approach 
Max has to technical material. The author will guide you from 
the basics through a minefield 
of potentially boring theoretical 
| mish-mash, to a Nirvana of 
| understanding. You will not suf- 
fer that fate familiar to every 
| reader: re-reading paragraphs 
} over and over wondering what 
| in the world the author was 
| trying to say. For a limey, Max 
| shoots amazingly well and from 
the hip, but in a way that 
will keep you interested and 
amused. If you are not vigilant, 
you may not only learn some- 
thing, but you may even enjoy 
the process. The only further 
advice | can give is to ‘expect 
the unexpected’.” 
| _ This book gives the “big pic- 
ture” of digital electronics. This 
indepth, highly readable, up-to-the-minute guide shows you how 
electronic devices work and how they’re made. You'll discover how 
transistors operate, how printed circuit boards are fabricated, and 
what the innards of memory ICs look like. You'll also gain a working 
knowledge of Boolean Algebra and Karnaugh Maps, and understand 
what Reed-Muller logic is and how it’s used. And there’s much, 
MUCH more (including a recipe for a truly great seafood gumbo). 
Hundreds of carefully drawn illustrations clearly show the impor- 
tant points of each topic. The author’s tongue-in-cheek British humor 
makes it a delight to read, but this is a REAL technical book, ex- 
tremely detailed and accurate. A great reference for your own shelf, 
and also an ideal gift for a friend or family member who wants to 
understand what it is you do all day... . 


rundanentale, Componente, and Praces 


By importing these books ourselves we have managed to 
make them available in the UK at an exceptional price. 





VALVE & TRANSISTOR AUDIO 


- Audio and Music 


Bebop Bytes Back 


By Clive “Max” Maxfield and 
Alvin Brown 


ORDER CODE BEB2 £29.95 
An Unconventional Guide To Computers 


Plus FREE CD-ROM which includes: Fully Functional 
Internet-Ready Virtual Computer with Interactive Labs 


The Foreword by Lee Felsenstein reads: 


“1. The more time you spend with this book and its accompany- 
ing CD-ROM, the more you'll get out of it. Skimming through it 
won't take you where you want to.go. Paying serious attention, on 
the other hand, will teach you more about computers than you can 
imagine. (You might also see a few beautiful sunrises.) 

2. The labs work on two levels: on and under the surface. When 
you’re performing the labs : 
you'll need to look for pat- 7, " 
bil he build up from in- % no 

ividual events. — 

3. When you’re done, ae Unconventional Guide TO 
you won't look any different. Computers 
You won't get a trophy ora , 
certificate to hang on your 
wall. You'll have some 
knowledge, and some skill, 
and you'll be ready to 
find more knowledge and 
develop more skill. Much of 
this will be recognisable 
only to someone who has 
the same knowledge and 
— ire coer 

This follow-on to Bebop (tee vesipie 
to the Boolean Boogie is a —— 
multimedia extravaganza 
of information about how 
computers work. It picks 
up where “Bebop I” left off, guiding you through the 
fascinating world of computer design . . . and you'll have a few 
chuckles, if not belly laughs, along the way. In addition to over 
200 megabytes of mega-cool multimedia, the accompanying 
CD-ROM (for Windows 95 machines only) contains a virtual 
microcomputer, simulating the motherboard and standard 
computer peripherals in an extremely realistic manner. In 
addition to a wealth of technical information, myriad nuggets of 
trivia, and hundreds of carefully drawn illustrations, the book 
contains a set of lab experiments for the virtual microcomputer 
that let you recreate the experiences of early computer 
pioneers. | | 

If you're the slightest bit interested in the inner workings of 
computers, then don’t dare to miss this one! 


POSTAGE 





AMPLIFIERS 

John Linsley Hood 4 

This is John Linsley Hood's greatest work yet, describing 
the milestones that have marked the development of 
audio amplifiers since the earliest days to the latest 
systems. Including classic amps with valves at their heart 
and exciting new designs using the latest components, 
this book is the complete world guide to audio amp 
design. 

Contents: Active components; Valves or vacuum tubes; 
Solid-state devices; Passive components; Inductors and 
transformers; Capacitors, Resistors, Switches and electri- 
cal contacts; Voltage amplifier stages using valves; 
Valve audio amplifier layouts; Negative feedback; Valve 
operated power amplifiers; Solid state voltage amplifiers; 
Early solid-state audio amplifiers; Contemporary power 
poled designs; Preamplifiers; Power supplies (PSUs); 
ndex. | 


250 pages : £19.99 
AUDIO AMPLIFIER PROJECTS 
R. A. Penfold 


A wide range of useful audio amplifier projects, each project 
features a circuit diagram, an explanation of the circuit 


operation and a stripboard layout diagram. All construc- . 


tional details are provided along with a shopping list of 
components, and none of the designs requires the use 
of any test equipment in order to set up properly. All 
the projects are designed for straightforward assembly on 
simple circuit boards. 
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Circuits include: High impedance mic preamp, Low 
impedance mic preamp, Crystal mic preamp, Guitar and GP 
preamplifier, Scratch and rumble filter, RIAA preamplifier, 
Tape preamplifier, Audio limiter, Bass and treble tone 
controls, Loudness filter, Loudness control, Simple graphic 
equaliser, Basic audio mixer, Small (300mW) audio power 
amp, 6 watt audio power amp, 20/32 watt power amp and 
power supply, Dynamic noise limiter. 

A must for audio enthusiasts with more sense than 
money! 


116 pages £9.95 
MAKING MUSIC WITH DIGITAL AUDIO 
lan Waugh 


In this practical and clearly-written book, lan Waugh explains 
all aspects of the subject from digital audio basics to putting 
together a system to suit your own music requirements. 
Using the minimum of technical language, the book explains 
exactly what you need to know about: Sound and digital 
audio, Basic digital recording principles, Sample rates and 
resolutions, Consumer sound cards and dedicated digital 
audio cards. 

On a practical level you will learn about: sample edit- 
ing, ie multi-tracking, digital FX processing, integrat- 
ing MIDI and digital audio, using sample CDs, mastering 
to DAT and direct to CD, digital audio and Multimedia. 

This book is for every musician who wants to be a part 
of the most important development in music since the 
invention of the gramophone. It's affordable, it’s flexible, 
it’s powerful and it's here now! It’s digital and it’s the 
future of music making. 


256 pages £14.95 


You only pay 


£1°50 


per order 
(UK postage) 


NO MATTER HOW 
MANY BOOKS 
YOU ORDER 


Overseas Readers see — 
ORDERING DETAILS on the 
. next page for overseas 
postage prices 
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CIRCUITS AND DESIGN 





AN INTRODUCTION TO PIC MICROCONTROLLERS 
Robert Penfold 

Designing your own PIC based projects may seem a 
daunting task, but it is really not too difficult providing you 
have some previous experience of electronics. The PIC 
processors have plenty of useful features, but they are still 
reasonably simple and straightforward to use. This book 
should contain everything you need to know. 

Topics covered include: the PIC register set; numbering 
systems; bitwise operations and rotation; the PIC instruction 
set; using interrupts; using the analogue to digital converter; 
clock circuits; using the real time clock counter (RTCC); 
using subroutines; driving seven segment displays. ae 

5. 


166 pages Order code BP394 


PRACTICAL OSCILLATOR CIRCUITS 

A. Flind 

Extensive coverage is given to circuits using capacitors and 
resistors to control frequency. Designs using CMOS, timer 
i.c.s and op.amps are all described in detail, with a special 
chapter on “waveform generator” i.c.s. Reliable “white” and 
“pink” noise generator circuits are also included. 

Various circuits using inductors and capacitors are 
covered, with emphasis on stable low frequency gener- 
ation. Some of these are amazingly simple, but are still 
very useful signal sources. 

Crystal oscillators have their own chapter. Many of the 
circuits shown are readily available special i.c.s for 
simplicity and reliability, and offer several output fre- 
quencies. Finally, complete constructional details are 
given for an audio sinewave generator. 


133 pages | Order code BP393 5 


PRACTICAL ELECTRONIC CONTROL PROJECTS 

Owen Bisho 

Explains electronic. control theory in simple, non- 
mathematical terms and is illustrated by 30 practical 
designs suitable for the student or hobbyist to build. 
Shows how to use sensors as input to the control system, 
and how to provide output to lamps, heaters, solenoids, 
relays and motors. 

Computer based control is explained by practical 
examples that can be run on a PC. For stand-alone 
systems, the projects use microcontrollers, such 
as the inexpensive and easy-to-use Stamp BASIC 
microcontroller. These projects are chosen to introduce 
and demonstrate as many aspects as possible of the 
programming language and techniques. Pa 


198 pages Order code BP377 


PRACTICAL ELECTRONICS HANDBOOK - 

Fourth Edition. lan Sinclair 

Contains all of the everyday information that anyone 
working in electronics will need. 

It provides a practical and comprehensive collection 
of circuits, rules of thumb and design data for profes- 
sional engineers, students and enthusaists, and there- 
fore enough background to allow the understanding and 
development of a range of basic circuits. 


£4.99 


Contents: Passive components, Active discrete 
components, Discrete component circuits, Sensing 
components, Linear |.C.s, Digital |.C.s, Microprocessors 
and microprocessor systems, Transferring digital data, 
Digital-analogue conversions, Computer aids in 
electronics, Hardware components and practical work, 
Standard metric wire table, Bibliography, The HEX scale, 


Index. 
440 pages Order code NE21 


£14.99 


COIL DESIGN AND CONSTRUCTIONAL MANUAL 
B. B. Babani 
A complete book for the home constructor on “how to 


make” RF, IF, audio and power coils, chokes and trans- - 


formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail. 
Although this book is now twenty years old, with the 
exception of toroids and pulse transformers little has 
changed in coil design since it was written. 

£3.99 


96 pages Order code 160 


OPTOELECTRONICS CIRCUITS MANUAL 

R. M. Marston 

A useful single-volume guide to the optoelectronics 
device user, specifically aimed at the practical design 
engineer, technician, and the experimenter, as well as the 
electronics student and amateur. It deals with the subject 
in an easy-to-read, down-to-earth, and non-mathematical 
yet comprehensive manner, explaining the basic prin- 
ciples and characteristics of the best known devices, and 
presenting the reader with many practical applications 


—~and over 200 circuits. Most of the i.c.s and other devices _ 


used are inexpensive and readily available types, -with 
universally recognised type numbers. 


182 pages Order code NE14 





INTRODUCTION TO DIGITAL AUDIO 

(Second Edition) 

lan Sinclair 

Digital recording methods have existed for many years 
and have become familiar to the professional recording 
engineer, but the compact disc (CD) was the first device to 
bring audio methods into the home. The next step is the 
appearance of digital audio tape (DAT) equipment. 

All this development has involved methods and circuits 
that are totally alien to the technician or keen amateur 
who has previously worked with audio circuits. The prin- 
ciples and practices of digital audio owe little or nothing 


to the traditional linear circuits of the past, and are much 


more comprehensible to today’s computer engineer than 
the older generation of audio engineers. 

This book is intended to bridge the gap of understand- 
ing for the technician and enthusiast. The principles and 





BOOK ORDERING DETAILS 


Our postage price is the same no matter how many books you order, just add £1.50 to 
your total order for postage and packing (overseas readers add £3 for countries in the 
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PO, 
cheque, international money order (£ sterling only) made payable to Direct Book Service 
or credit card details, Visa or Mastercard — minimum credit card order is £5 — to: | 

DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW 


(mail order only). 


Books are normally sent within : seven days of receipt of your order but please allow 28 
days for delivery (more for overseas orders). Please check price and availability (see latest 
issue of Everyday Practical Electronics) before ordering from old lists. 

For a further selection of books see the next two issues of EPE. 
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749 


Fax 01202 841692. Due to the cost we cannot reply to overseas orders or queries by Fax. 
E-mail: editorial@epemag.wimborne.co.uk 


| BOOK ORDER FORM > 4 
| 
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£14.99 


AUDIO AND MUSIC 


OPERATIONAL AMPLIFIER USER’S HANDBOOK 
R. A. Penfold 
The first part of this book covers standard operational 
amplifer based “building blocks” (integrator, precision 
rectifier, function generator, amplifiers, etc), and con- 
siders the ways in which modern devices can be used 
to give superior performance in each one. The second 
part describes a number of practical circuits that exploit 
modern operational amplifiers, such as high slew-rate, 
ultra low noise, and low input offset devices. The projects 
include: Low noise tape preamplifier, low noise RIAA 
preamplifier, audio power amplifiers, d.c. power con- 
trollers, opto-isolator audio link, audio millivolt meter, 
temperature monitor, low distortion audio signal gener- 
ator, simple video fader, and many more. 

£4.95 


120 pages Order code BP335 


A BEGINNERS GUIDE TO CMOS DIGITAL ICs 

R. A. Penfold 

Getting started with logic circuits can be difficult, since 
many of the fundamental concepts of digital design tend 
to seem rather abstract, and remote from obviously useful 
applications. This book covers the basic theory of digital 
electronics and the use of CMOS integrated circuits, but 
does not lose sight of the fact that digital electronics has 
numerous “real world” applications. 

The topics covered in this book include: the basic con- 
cepts of logic circuits; the functions of gates, inverters and 
other logic “building blocks”; CMOS logic i.c. characteris- 
tics, and their advantages in practical circuit design; oscil- 
lators and monostables (timers); flip/flops, binary dividers 
and binary counters; decade counters and display drivers. 

The emphasis is on a practical treatment of the subject, 


and all the circuits are based on “real” CMOS devices. A _ 


number of the circuits demonstrate the use of CMOS logic 
i.c.s in practical applications. 
£4.95 


119 pages Order code BP333 


methods are explained, but the mathematical background 
and theory is avoided, other than to state the end product. 
£7 


128 pages 0] ce (-tanrele(- Om Ltr 


PROJECTS FOR THE ELECTRIC GUITAR 

J. Chatwin 

This book is for anyone interested in the electric guitar. It 
explains how the electronic functions of the instrument 
work together, and includes information on the various 
pickups and transducers that can be fitted. There are com- 
plete circuit diagrams for the major types of instrument, 
as well as a selection of wiring modifications and pickup 
switching circuits. These can be used to help you create 
your own custom wiring. 

Along with the electric guitar, sections are also in- 
cluded relating to acoustic instruments. The function of 
specialised piezoelectric pickups is explained and there 
are detailed instructions on how to make your own 
contact and bridge transducers. The projects range from 
simple preamps and tone boosters, to complete active 
controls and equaliser units. 


92 pages £4.95 


MIDI SURVIVAL GUIDE 

Vic Lennard 

Whether you’re a beginner or a seasoned pro, the MIDI 
Survival Guide shows you the way. No maths, no MIDI 


theory, just practical advice on starting up, setting up’ 


and ending up with a working MIDI system. 

Over 40 cabling diagrams. Connect synths, sound 
modules, sequencers, drum machines and multitracks. 
How to budget and buy secondhand. Using switch, 
thru and merger boxes. Transfer songs between 
different sequencers. Get the best out of General MIDI. 
ides tas MIDI implementation charts. No MIDI 
theory. 


104 pages Temporarily out of print 


PRACTICAL ELECTRONIC MUSICAL 
EFFECTS UNITS 
R. A. Penfold _ . 
This book provides practical circuits for a number of 
electronic musical effects units. All can be built at rela- 
tively low cost, and use standard, readily available com- 
‘baal The projects covered include: Waa-Waa Units; 
istortion Units; Phaser; Guitar Envelope Shaper; 
Compressor; Tremolo Unit; Metal Effects Unit; Bass 
and Treble Boosters; Graphic Equaliser; Parametric 
Equaliser. The projects cover a range of complexities, 
but most are well within the capabilities of the average 
electronics hobbyist. None of them require the use of 
test equipment and several are suitable for near 


beginners. 
102 pages £4.95 


LOUDSPEAKERS FOR MUSICIANS 
Vivan Capel 
This book contains all that a working musician needs to 
know about loudspeakers; the different types, how they 
work, the most suitable for different instruments, for 
cabaret work, and for vocals. It gives tips on construct- 
ing cabinets, wiring up, when and where to use wad- 
ding, and when not to, what fittings are available, finish- 
ing, how to ensure they travel well, how to connect 
multi-speaker arrays and much more. 

Ten practical enclosure designs. with plans and com- 
ments are given in the last chapter, but by the time 
you've read that far you should be able to design your 


own! 
164 pages £4.99 
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VIDEOS ON 
ELECTRONICS 


A range of videos selected by EPE and designed to provide instruc- 
tion on electronics theory. Each video gives a sound introduction 
and grounding in a specialised area of the subject. The tapes make 
learning both easier and more enjoyable than pure textbook or 
magazine study. They have proved particularly useful in schools, 
colleges, training departments and electronics clubs as well as to 
general hobbyists and those following distance learning courses etc 





BASICS 


VT201 to VT206 is a basic electronics course 
and is designed to be used as a complete 
_ series, if required. 
VT201 54 minutes. Part One; D.C. Circuits. 
This video is an absolute must for the begin- 
ner. Series circuits, parallel circuits, Ohms 
law, how to use the digital multimeter and 
much more. Order Code VT201 
VT202 62 minutes. Part Two; A.C. Circuits. 
This is your next step in understanding the 
basics of electronics. You will learn about how 
coils, transformers, capacitors, etc are used in 
common circuits. Order Code VT202 
VT203 57 minutes. Part Three; Semicon- 
ductors. Gives you an exciting look into the 
world of semiconductors. With basic semicon- 
ductor theory. Plus 15 different semiconduc- 
tor devices explained. 


Order Code VT203 





VT204 56 minutes. Part’ Four; Power 
Supplies. Guides you step-by-step through 
different sections of a power supply. 

Order Code VT204 
VT205 57 minutes. Part Five; Amplifiers. 
Shows you how amplifiers work as you have 
never seen them before. Class A, class B, 
class C, op.amps. etc. | Order Code VT205 
VT206 54 minutes. Part Six; Oscillators. 
Oscillators are found in both linear and digi- 


tal circuits. Gives a good basic background in 
oscillator circuits. Order Code VT206 


£34.95 0 


inc. VAT & postage 


Order 8 or more get one extra FREE 
Order 16 get two extra FREE 














VCR MAINTENANCE 
VT102 84 minutes: Introduction to VCR 
Repair. Warning, not for the beginner. 
Through the use of block diagrams this 
video will take you through the various 
circuits found in the NTSC VHS system. 
You will follow the signal from the input to 
the audio/video heads then from the 
heads back to the output. 

Order Code VT102 
VT103 35 minutes: A step-by-step easy to 
follow procedure for professionally clean- 
ing the tape path and replacing many of 
the belts in most VHS VCR's. The viewer 
will also become familiar with the various 


parts found in the tape path. 
Order Code VT103 





DIGITAL 


Now for the digital series of six videos. This 
series is designed to provide a good ground- 
ing in digital and computer technology. 

VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven of 
the most common gates which are used in 
almost every digital circuit, plus Binary 


notation. Order Code VT301 


VT302 55 minutes. Digital Two; Flip Flops 
will further enhance your knowledge of digital 
basics. You will learn about Octal and 
Hexadecimal notation groups, flip-flops, 
counters, etc. Order Code VT302 
VT303 54 minutes. Digital Three; Registers 
and Displays is your next step in obtaining a 
solid understanding of the basic circuits 
found in today’s digital designs. Gets into 
multiplexers, registers, display devices, etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; DAC and 
ADC shows you how the computer is able to 
communicate with the real world. You will 
learn about digital-to-analogue and ana- 
loque-to-digital converter circuits. 

Order Code VT304 
VT305 56 minutes. Digital Five; Memory 
Devices introduces you to the technology 
used in many of today’s memory devices. You 
will learn all about ROM devices and then 
proceed into PROM, EPROM, EEPROM, 
SRAM, DRAM, and MBM devices. 

Order Code VT305 
VT306 56 minutes. Digital Six; The CPU 
gives you a thorough understanding in the 
basics of the central processing unit and the 


input/output circuits used to make the system 
work. Order Code VT306 


ORDERING: Price includes postage to anywhere in the world. 


OVERSEAS ORDERS: We use the VAT portion of the price to pay for airmail postage 
and packing, wherever you live in the world. Just send £34.95 per tape. All payments 
in £ sterling only (send cheque or money order drawn on a UK bank). 


Visa and Mastercard orders accepted — please give card number, card expiry date and 
cardholder’s address if different from the delivery address. 


Orders are normally sent within seven days but please allow a maximum of 28 days, 


longer for overseas orders. 


Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset 
BH21 1RW (Mail Order Only) 


Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE 
Tel: 01202 881749. Fax: 01202 841692 
Due to the cost we cannot reply to overseas orders or queries by Fax. 
E-mail: editorial@epemag.wimborne.co.uk 
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RADIO 
VT401 61 minutes. A.M. Radio Theory. The 
most complete video ever produced on a.m. 
radio. Begins with the basics of a.m. trans- 
mission and proceeds to the five major stages 
of a.m. reception. Learn how the signal is 
detected, converted and reproduced. Also 
covers the Motorola C-QUAM a.m. stereo 
system. Order Code VT401 
VT402 58 minutes. F.M. Radio Part 1. FM. 
basics including the functional blocks of a 
receiver. Plus r.f. amplifier, mixer oscillator, 
i.f. amplifier, limiter and f.m. decoder stages 


of a typical f.m. receiver. Order Code VT402 





VT403 58 minutes. F.M. Radio Part 2. A con- 
tinuation of f.m. technology from Part 1. 
Begins with the detector stage output, pro- 
ceeds to the 19kHz amplifier, frequency dou- 
bler, stereo demultiplexer and audio amplifier 


stages. Also covers RDS digital data encoding 
and decoding. Order Code VT403 


MISCELLANEOUS 
VT501 58 minutes. Fibre Optics. From the 
fundamentals of fibre optic technology 
through cable manufacture to connectors, 
transmitters and receivers. 

Order Code VT501 
VT502 57 minutes. Laser Technology A basic 
introduction covering some of the common 
uses of laser devices, plus the operation of the 
Ruby Rod laser, HeNe laser, CO, gas laser 
and semiconductor laser devices. Also covers 
the basics of CD and bar code scanning. 


Order Code VT502 





ach video uses a mixture of animated current 
flow in circuits plus text, plus cartoon instruc- 
tion etc., and a very full commentary to get the 
points across. The tapes are imported by us and 
originate from VCR Educational Products Co, 
an American supplier. We are the. worldwide 
distributors of the PAL and SECAM versions of 
these tapes. (All videos are to the UK PAL stan- 
dard on VHS tapes unless you specifically 
request SECAM versions.) 
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NET WORK 


ALAN WINSTANLEY © 


HAPPY KRIZ-MAS 


worm Happy99.exe is the most-reported virus in Europe, 

according to virus detection specialists Symantec (www.syman- 

tec.com/avcenter) — discussions of worms, Trojan Horses and 
viruses (or viri/virli!) took place in earlier editions of Net Work. 


A new Windows virus called W32.Kriz.3863 (and variants) is — 


starting to appear, Symantec says, and this particularly nasty virus 
can damage critical Windows system files. Furthermore, on 
December 25th it will deliver a payload by flashing the BIOS of the 
host computer. Damage to a PC’s BIOS (Basic Input/Output 
Operating System) chip is disastrous, because this PROM chip con- 
tains all the system configuration which is interrogated when the PC 
starts up. | <a , 

A faulty BIOS can cripple a PC system completely: I discovered 
this for myself when I installed a Philips 646 USB webcam, and 
found that my PC would no longer boot up when the camera was 


plugged in. Considering that USB is a hot-swappable technology, I 


was not impressed. However it became apparent that the BIOS 
required flashing to update the USB handling, and after a quick visit 
to the Dell web site, all was well. | 

Symantec have once again posted information on the latest virus- 
es on their own web site, and as if Y2K worries aren’t enough, this 
Chernobyl-like virus is one to guard against if your Christmas on 
the Net is to be a happy one. , 


I-SEEK-YOU 


At nearly 750,000 hits per week, ICQ (I-Seek-You) must rate as | 


one of the world’s most popular programs (followed by WinZip) if 
the stats at download.com are to be believed. ICQ is a very useful 
and customisable “chat”’ and messaging program which has a num- 
ber of cute tricks up its sleeve. It is a neat and thoroughly sorted pro- 
gram, and best of all — it’s free! 

An ICQ user is allocated a unique digital ID number (this is the 
“ICQ #23501235” that you often see in a user’s signature) and users 
can then compile a list of other ICQ users with whom they wish to 
communicate. 

When ICQ is started up (e.g. by dialling into the Internet), this 
logs the user into the ICQ network, a process which can happen 
instantaneously when the system isn’t busy. After successfully log- 
ging in, the network updates your ICQ list to show you who else on 
your list is also on-line at that time. Similarly those users are also 
alerted by ICQ that you have gone on-line. 

At this point several options become available. You can simply 
fire off a quick message to any user on your list. If they are logged 
on they may receive it within a few seconds, and you might get a 
reply say a minute or so after that; however if they are not current- 
ly connected to ICQ, then the message can be delivered when they 
next log on. 

It is also possible to forward any web URLs which you think may 
be of interest to other users, which is a good way of sharing web 
resources. There are also plenty of web sites which are specially 
provided to enable a sentiment (e.g. a poem or humour) to be 
mailed to other users. ICQ lets you easily transfer files (e.g. word- 
processing documents or other files) to other users on your list 
when they are on line. An E-mail service is also provided by ICQ, 
and you can send voice greetings when on-line too. Handy “To Do”’ 
lists and Windows desktop reminder notes are built in for the bene- 
fit of those who run ICQ at their desks, and almost everything you 
see is customisable. A reasonable ICQ search engine facilitates con- 
venient web searches. 

There’s more fun still with the ICQ Chat facility; seasoned users 
will probably have used IRC (Internet Relay Chat) but ICQ Chat adds 
many amusing features. Messages can be typed in by one user which 
appear in real time in the corresponding user’s window. They reply 
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the.same way, and a conversation can carry on all night! There are . 
several Chat enhancements included: sound effects can be played on 
the other user’s computer, such as an attention-grabbing klaxon. 
Sounds (e.g. giggling or coughing effects) can be associated with 
typed messages too. Chat sessions can also be stored and played back 
later, and like watching those pianos that play themselves, seeing the 
chat unfold is quite an eerie feeling! | 

The versatility of ICQ doesn’t end there, however. I have some- 
times envied a number of my American ICQ friends who leave their 
ICQ connection live all day (or night). Remember that American 
users can enjoy a full-time dialled-in connection by paying a stan- 
dard flat rate per month. If they decide to go out, they can still leave 
their system hooked up to the ICQ network, and they can notify that 
they are away by changing their on-line ICQ status - such as 
“Extended Away” or “Not Available.” If they actually need to do 
some work, they can leave ICQ running and display a “Do Not 
Disturb” or “Occupied” message. 


ICG IN PRIVATE 


A number of privacy features are available. You can make your- 
self “invisible” to certain other users so that they are unaware of 
your presence on ICQ. You therefore call the shots and can then 
decide whether or not to contact them. To prevent your ICQ num- 
ber from finding its way onto the lists of countless other users, you 
can set an option whereby permission must be sought first: seldom 
will I give mine, before you ask! Hence your individual ICQ list 


_ develops into a selected list of friends and contacts and there is no 


worry about being pestered by other users (unless you choose a 
“random chat” session with a complete stranger). 

The use of ICQ for conversing with others has its share of dan- 
gers though. There is the ever-present risk that a careless choice 
of words could be misinterpreted by the recipient, so if you wish 
to avoid any upsets or disappointments due care should be exer- 
cised, especially with real-time ICQ Chat. Make liberal use of 
emoticons (smileys) at appropriate times just to be sure. Also, 
there can be delivery delays with ICQ messages sent to off-line 
users, so this system should not necessarily be relied upon for 
important communications. | 

It is best to tailor ICQ to fit your own work pattern, and don’t feel 


_ guilty if you simply cannot spare the time to engage in a discussion 


at that moment. Everyone else on your list gets busy too, and a pat- 
tern of sending quick ICQ messages usually emerges. Don’t burden 
yourself with a burgeoning list of users either: some occasional 
housekeeping is useful in keeping the list down to manageable lev- 
els. Life on ICQ can be rapid-fire and brief, or it can take up an 
entire evening if desired. It’s a sure way of making new friends, or 
staying in touch with existing ones, and some users just can’t live 
without it. | 

How to install ICQ: it is easiest to visit www.download.com and 
search for the file. There have been rumours of virus-infected ver- 
sions being distributed from unofficial sites, so be sure to fetch only 
from trusted sources. You should also visit www.icq.com. 


LINKS 


Ever since Net Work started over three years ‘ago, I have provid- 
ed links for readers to check when surfing the Net. In practice, 
because so many web sites are now available it is proving difficult 
to provide a constantly updated link resource in the form of the Net 
Work A-Z Index. Some links go down as quickly as they appear, 
especially amongst hobbyist pages: users are sometimes Keen to 
announce new sites but less eager to say when they are deleted. I 
feel that I have gathered sufficient links together to provide a rea- 
sonable resource which I am trying to refine further. Readers’ feed- 
back is welcomed by E-mail to alan@epemag.demon.co.uk. 
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BRS ON COOKS 





We-now supply a// the books published by Bernard Banani (Publishing) Ltd. Our customers tell us they appreciate our speedy service and low postage | 
We have always supplied a selected list of Babani books and you will find charge and they would like to be able to purchase all the books from us and 
many of them described on the Direct Book Service pages or the next two thus keep the postage charge to an absolute minimum (1.50p for UK p&p no 
issues of Everyday Practical Electronics (all books with a BP prefix to the order matter how many books you buy). We are pleased to be able to respond; | 
- code are Babani books). Many readers have asked us to also supply various we are now able to meet a// your requirements for Babani books - if it’s in 
other Babani books, which have a reputation for value for money. print we can supply it. 
Code Title | Price Code Title , Price Code Title Price 
BP36 = 50 Circuits Using Germanium, Silicon and Zener BP326 An Introduction to Satellite Communications £5.95 BP398 Sage Instant Accounting Explained £5.95 
' ‘Diodes £1.95 BP327 DOS One Step at a Time (covers Version 6.2) £4.99 BP399 Windows ’95 One Step at a Time £4.95 
_ BP37 50 Projects using Relays, SCRs and TRIACs £2.95 BP328 Sage Explained £5.95 BP403 The Internet and World Wide Web Explained £5.95 
BP44 IC 555 Projects £3.99 BP329 Electronic Music Learning Projects £4.95 BP404 How to Create Pages for the Web Using HTML _— £5.99 
BP125 25 Simple Amateur Band Aerials — - £1.95 BP331 A Beginners Guide to MIDI £4.95 BP405 MS Works for Windows 95 explained £5.95 
BP132 25 Simple SW Broadcast Band Aerials £1.95 BP334 Magic Electronics Projects £4.95 BP406 MS-Word 95 Explained £6.99 
BP144 Further Practical Electronics Calculations BP337 A Concise Users Guide to Lotus 1-2-3 BP407 Excel 95 Explained £6.99 
dat legis —— pale oop | vnc BP408 Access 95 - One Step at a Time £5.99 
BP145 25 Simple Tropical and MW Band Aerials £1.75 BP341 MS-DOS Explained (covers V6.2) £6.99 BP409 MS Office 95 One Step at a Time £6.99 
BP182 MIDI Projects £2.95 BP345_ Getting Started in Practical Electronics £4.99 : ‘ . : 
BP184 An Introduction to 68000 Assembly Language £2.95 BP346 Programming in Visiual BASIC for Windows £5.95. BP410 35 Opto-Dispiay Terminal Block Projects £4.99 
BP192 More Advanced Power Supply Projects £2.95 BP349 Practical Opto-Electronic Projects £4.95 _BP412_ A Practical Approach to Excel for Windows 95 £4.99 
BP258 Learning to Program in C £4.95 BP350 Electronic Board Games £4.95 BP415 Using Netscape on the Internet . — - £6.99 
BP259 A Concise Introduction to UNIX £4.95 BP352 Excel 5 Explained £5.95 BP416 Practical Alarm Projects £4.99 
BP261 A Concise Introduction to Lotus 1-2-3 . BP355 A Guide to the World’s Radio Stations BP417 Explaining Microsoft Publisher for Windows 95 —- £5.99 
(Revised Edition) £3.95 (1995/6 Edition) £5.95 BP418 Word 95 Assistant £6.99 
BP262 A Concise Introduction to Wordperfect BP362 Access One Step at a Time £4.95 BP419 Using Microsoft Explorer on the Internet £6.99 
(Revised Edition) £3.95 BP363 Practical Electronic Music Projects £4.95 BP420 E-Mail on the Internet £6.99 
BP273 Practical Electronic Sensors £4.99 BP367 Electronic Projects for the Garden £4.95 BP421 Windows 95 Assistant : £6.99 
BP275 Simple Short Wave Receiver Construction £3.95 BP370 The Superhet Radio Handbook £4.95 BP422 Essentials of Computer Security £5.99 
BP281 An Introduction to UHF/VHF for Radio Amateurs £4.99 BP373 An Introduction to Networks for PC and BP424 Microsoft Exchange for Business and Home Use £6.99. 
BP284 Programming in QuickBASIC (revised edition) £5.99 Mac Users | £5.95 BP425 Microsoft Internet Explorer Assistant £5.99 
: aii Public Address Loudspeaker Systems £4.99 BP375. The Novice Radio Amateurs Examination . BP426 MS Office 97 Explained - £6.99 
BP293 An Introduction to Radio Wave Propagation £3.95 Handbook £4.95 . : 
BP301 Antennas for VHF and UHF £4.95 BP380 Advanced Projects For The Electric Guitar £4.99 ig ipso cepshi aad pene si 
BP309 Preamplifier and Filter Circuits £4.99 BP383 Understanding the Mathematics of Electronics £5.99 ; ; 
BP311 An introduction to Scanners and Scanning £4.99 BP387. Windows One Step at a Time £4.95 BP429 MS Excel 97 Explained £6.99 
BP312 An Introduction to Microwaves £3.95 BP388 Why Not Personalise Your PC £4.99 BP430 MS Access 97 - One Step at a Time £5.99 
BP315 An introduction to the Electromagnetic Wave £4.95 BP389 . Power Point for Windows Explained £5.95 BP432 Simple Sensor Terminal Block Projects £4.99 
BP316 Practical Electronic Design Data £5.99 BP390 An Introduction to the World Wide Web BP434 PC Hardware Assistant £6.99 
BP317 Practical Electronic Timing £4.95 for PC and Mac Users £6.99 BP435 Programming in C+ + — £6.99 
BP320 Electronic Projects for Your PC ' £3.99 
BP324 The Art of Soldering £3.99 
BP325 A Concise Users Guide to Windows 3.1 £4.95 IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.P) 


SEE DIRECT BOOK SERVICE PAGES FOR FULL ORDERING DETAILS 





PROJECT TITLE Order Code 


Stereo “Cordless ” Headphones 
Transmitter 
Receiver 
*EPE Met Office — Sensor/Rainfall/Vane 
Spiral transparency free with above p.c.b. 


*EPE Met Office — 



































961 
962 
963/965 





PCB SERVICE 


Printed circuit boards for certain EPE constructional projects are available from the 






















PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and Computer Interface (double-sided) 964 
roller tinned. All prices include VAT and postage and packing. Add £1 per board § Audio Signal Generator — 969 
for airmail outside of Europe. Remittances should be sent to The PCB Service, Sethi eerie Panning (Teach-In '96) or 







Everyday Practical Electronics, Allen House, East Borough, Wimborne, Dorset 
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to 
orders or queries by Fax); E-mail: orders@epemag.wimborne.co.uk . Cheques 
should be crossed and made payable to Everyday Practical Electronics (Payment 
in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photostats of articles are available if required —- see the 
Back Issues page for details. 
Please check price and availability in the latest issue. 

Boards can only be supplied on a payment with order basis. 


Vari-Speed Dice (Teach-In ’96) Alaa cho EB’96 974 £5.69 
Mains Signalling Unit — 2 12V Capacitive PSU £6.07 
Multi-Purpose Mini Amplifier 976 £6.12 
High Current Stabilised Power Supply 979 £6.62 
Mind Machine Mk III — Sound and Lights 980 £7.39 
Infra-Zapper Transmitter/Receiver (Teach-In 96) 
Bat Band Converter/B.F.O. 984a/b £5.80 
Hearing Tester 985 £6.87 
Event Counter (Teach-In '96 986 £8.39 
B.F.O. and Bat Band Converter 

Versatile PIR Detector Alarm 

Mind machine Mk II] — Tape Controller 
Midi Analyser 































































Special KNOCK DOWN SALE of PCBs. | Sexist 






We have a few p.c.b.s left from past projects these are being 
offered at the knock down price of £2.00 each — 
no matter what size they are (some of these 
boards are worth over £15.00 each) while 
stocks last. This price includes VAT and UK 
post — overseas orders please add 50p postage 
(or £1 per board for airmail postage). 


VU Display and Alarm . 

Ultra-Fast Frequency Generator | JULY'96 | 
and eaieker - Ostillator/L.C.D. Driver 

Timed NiCad Charger 

Single-Station Radio 4 Tuner 

Twin-Beam Infra-Red Alarm —Transmitter/Receiver 

*Games Compendium 





. ci : Mono “Cordless” Headp 
Print Timer, 874; Stereo HiFi Controller — Power 
Supply, 886 — Main Board, 887 — Expansion/Display Boards, (pair) 888; Jf q_qansmulteriRecelver 


Power Controller, 905; Active Guitar Tone Control, 907; TV Off-er (pair), 
908/909; Video Modules — 1 Simple Fader, 910; Video Enhancer, 912; 12V 
35W PA Amplifier, 930; * National Lottery Predictor, 935; MIDI Pedal, 938; 
Club Vote Totaliser, 939; Ramp Generator — Logic Board (double-sided 
pth, 944 — Analogue board, 945; Microcontrolled 3-Digit Timer, 933; 

ow-Range Ohmmeter Adaptor, 926; Vandata — Boot Control Unit, 953 — 
Display Unit, 954; Capacitor Check, 955. 

Any of the above for just £2 each inc. VAT and p&p. 
Back numbers or photostats of articles are available see the 

Back Issues page for details. 


Mobile Miser 
Bike Speedo 


* PIC-Tock Pendulum Clock 
Power Check 

Analogue Delay/Flanger 
Draught Detector 

Simple Exposure 

Video Fade-to-W 
Direct Conversion 80m Receiver 
Vehicle Alert 

10MHz Function Generator— a) Board 












Timer 










/ 


PROJECT TITLE Order Code 


Digital Delay Line 958 £8.04 
50Hz Field Mater 959 £8.32 
Temperature Warning Alarm (Teach-In ’96) 960 £6.15 









ilter 
* Central Heating Controller 
D.C. to D.C. Converters — Negative Supply Generator 
— Step-Down Regulator 

— Step-Up R 
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PROJECT TITLE Order Code 
Damp Stat — 209 . 
Handheld Function Generator 213 












*PIC Digital/Analogue Tachometer 127 £7.23 


Stereo Cassette Recorder: 

















* Fading Christmas Lights 215 

Boe deep be BOA LL PhizzyB VO Board (4-section) 216 

Twinkle Twinkle Reaction Game 210 

p. *EPE Mind PICkler . 214 

Theremin MIDI/CV Interface (double-sided p.t.h.) 130 (set) £40.00 PhizzyB I/O Board (4-section) . 216 

Mains Failure Warning — ae : a Alternative Courtesy Light Controller 217 
racitic Waves 3 d. Light Alarm 

DU viscahig Siaien= taal 


Receiver 
*PIC MIDI Sustain Pedal Software only 
Cute ; * Wireless Monitoring System—2 
Dual See rail Hi 550 F.M. Trans/Rec Adaptors 219a/220a 
418MHz Remote Control — Transmitter : iLchoctiGh rei 
— Receiver : 
Pu p Puddle Probe ; Smoke Absorber 223 
MID Kratrix — PSU . lroning Board Saver 
— Interface : Voice Record/Playback Module 
Quasi-Bell Door Alert Mechanical Radio (pair) 
_ 2M F.M. Receiver ; * Versatile Event Counter 
fades lag a | PIC Toolkit Mk 2 227 £8.95 
a See Closer A.M./F.M. Radio Remote Control 
: _ Transmitter 228 £3.00 
: Transmitter oreo — ee 


— Receiver : * Musical Sundial JUNE’99 | ees £9.51 
Pyrotechnic Controller : PC Audio Frequency Meter £8.79 
* PIC Digilogue Clock *EPE Mood PiCker JULY’99 233 
Narrow Range Thermometer | ; 12V Battery Tester 234 

icropower PIR Detector — 1 JULY’97 : Intruder Deterrent 235 
Infra-Red Remote Control Repeater — = L.E.D. Stroboscope 932 
Karaoke ee oS Unit echo Board La ies heen ta 

— Mixer Board ; Ultrasonic Puncture Finder 
Computer Dual User Interface *8-Channel Analogue Data Logger 
*PEsT Scarer : Buffer Amplifier (Oscillators Pt 2) 
e upply Magnetic Field Detective 
Universal Input Amplifier ; Sound Activated Switch 
Micropower PIR Detector — 2 Controller : Freezer Alarm (Multi-project PCB) 
REIOLO Child Guard 


Variable Dual Power Supply 
Mains Cable Locator 
(Multi-project PCB) 


SEPT’97 





Micro Power Supply 
: . . interior Lamp Delay 
Remote Control Finder . 168 £6.32 Vibralarm 
Rechargeable Handlamp 169 £6.23 Demister One-Shot 
*PIC Water Descaler | 





* Ginormous Stopwatch — Part 1 


EPE SOFTWARE 


Software programs for EPE projects marked with an asterisk * are avail- 






















PE Time Machine NOV’97 
Auto-Dim Bedlight 
Portable 12V PSU/Charger 

ar Immobiliser DEC’97 
Safe and Sound (Security Bleeper 

















urface Thermometer JAN’98 able on 3.5 inch PC-compatible disks or free from our Internet site. Five 
Disco Lights Flasher disks are available: PIC Tutorial (Mar-May ’98 issues); PIC Toolkit Mk2_ 
Waa-Waa Pedal (Mult (May-Jun ’99 issues); PIC Disk 1 (Apr ’95—Dec ’98 issues); EPE Disk 2 
* Virtual sea — Digital Board (Jan ’99 issue to current cover date); EPE Teach-In 2000. The disks are 
Analogue Board (per board) obtainable from the EPE PCB Service at £2.75 each (UK) to cover our 


* Water Wizard 

Kissometer 
PEF utoria 

The Handy Thing (Double-Sided) 

oe, Watts p Reminder 

* Audio System Remote Controller — PSU 


Main Board 
(vi e Meta 
(Multi-project PCB) 
Single or Dual-Tracking Power Supply 


*RC-Meter 
oro § Auto-Light MAY’98 

Stereo Tone Control plus 20W Stereo Amplitier 
Tone Control ; 

20W Amplifier 

* Dice Lott 

EPE Mood SH 

*AT89C2051/1051 Programmer 
Main Board 
Test Board 

* Reaction Timer 


admin costs (the software itself is free). Overseas (each): £3.35 surface 
mail, £4.35 each airmail. All files can be downloaded free from our Internet 
FTP site: ftp://ftp.epemag.wimborne.co.uk. 


Poo ee 


' EPE PRINTED CIRCUIT 
' BOARD SERVICE 


Order Code _— Project: Quantity Price 















































JUNE’98 


















Software onl 





16x84 Toolkit JULY 98 
* Greenhouse Computer 
Control Board 
PSU Board 






















Lightbulb Saver 
Mul projec POS) a, aa et go et 
uili-projec s a 
* Greenhouse Radio Link VISA Practical Electronics 
—%&PIC Altimeter MasterCard or Visa No. 





i 
s 
i 
| a : 
kDigiserv FC Expander i Minimum order for credit cards £5 
IR Remote Control i 
Transmitter 
PIC Tape Me i 
Electronic Thermostat i 
T-Stat 
Phizz | 
4 





SIMS sc carcctineccideaneiskecbupsevusbvterniaitaledesnes Card EXD: DAG .inisicinncsssnsensnescs I 
Please supply name and address of cardholder if different from the address shown ij 


y NOTE: You can order p.c.b.s via our Internet site on a secure server: | 
http:/;www.epemag.wimborne.co.uk 
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B 
A-PCB B-CD-ROM C-Prog. Microcontroller 
15-Way IR Remote Control 

Switch Matrix 

15-Way Rec/Decoder 


Bee (A)(B)(C) 
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PRACTICAL 





ELECTRONIC 





ELECTRONICS 


TODAY INTERNATIONAL 








Everyday Practical Electronics/ETI reaches twice as 
many UK readers as any other independent monthly 
hobby electronics magazine, our audited sales 
figures prove it. We have been the leading 
independent monthly magazine in this market for the 
last fourteen years. 




















If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2:5cm). 
The prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics/ET| Advertisements, Mill Lodge, Mill Lane, Thorpe-le- Soken, Essex 


CO16 OED. Phone/Fax (01255) 861161. 


For rates and information on display and classified advertising Pere contact our Advertisement Manager, Peter Mew as above. 


RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
Up to 20 volts d.c. at 1 amp continuous, 1-5 amps peak, 
fully variable from 1 t 

Voltage and 

Current meters 

for easy read- 





Lots of trenelormers, hgh vl caps, valves, output tran 
Phone br peal is wants list for quote. 


NOW AVAILABLE WITH 
128K AND 512K — O24 


ALSO SPECTRUM 


AND QL PARTS 


_ WN. RICHARDSON & CO. 
PHONE/FAX 01494 8713196 
RAVENSMEAD, CHALFONT ST PETER, 
BUCKS, SL9 ONB 


~ X-10® Home Automation — 
We put you in control™ 


Why tolerate when you can automate? 


An extensive range of 230V X-10 products 

and starater kits available. © 

Uses prove Power Line Carrier technology, 

no wires required. 

Products Catalogue available Online. 

Worldwide delivery. 

Laser Business Systems Ltd. 
; E-Mail: info@laser.cOM  gaypsnssses 

http://www. laser.com . 
Tel: (0181) 441 9788 
Fax: (0181) 449 0430 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


GNVQ ADVANCED ENGINEERING 
(ELECTRONIC) — PART-TIME 
HND ELECTRONICS — FULL-TIME 
B.Eng FOUNDATION — FULL-TIME 
Next course commences 
Monday 10th January 2000 
FULL PROSPECTUS FROM 


We) oko) hm =onn=10)\ ersneve) mac) = 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: 0171-373 8721 


_THE BRITISH AMATEUR 
ELECTRONICS CLUB 


exists to help electronics enthusiasts by 


personal contact and through a quarterly 
Newsletter. 





For membership details, write to the 
Secretary: 
Mr. M. P. Moses, 
5 Park View, Cwmaman, 
Aberdare CF44 6PP 


Space donated by 
Everyday Practical Electronics 
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hem On line 
Also:Robot Arms | 
Mobile Arms! 
Micramice 
Rovers 





Universal VCR Controller 


CCTV systems. 


£25 inc. vat + £2.50 p&p 

The BlackBoxCamera™ Company Ltd. 
= Unit U7, Lenton Boulevard, | 
| Nottingham NG7 2BY. 0700-2522526 
| WWW.BLACKBOXCAMERA.COM 


Miscellaneous 





UNIQUE DIY PLANS for wind, solar, 
petrol, steam and water powered generators. 
Plus loads of hard-to-find books on energy, 
Tesla, electric vehicles, Sterling engines, etc. 
Send 2 x lst class stamps for catalogue. 
Jemmett Engineering, 8 Hallam Gardens, 
Pinner, Middlesex HA5 4PR. 

PRINTED CIRCUIT BOARDS - QUICK 
SERVICE. Prototype and Production. Artwork 
raised from magazines or draft designs at low 
cost. PCBs also designed from schematics. 
Production assembly also undertaken. For 
details send to P. Agar, Unit 5, East Belfast 
Enterprise Park, 308 Albertbridge Road, Belfast, 
BTS 4GX, or phone/fax 01232 738897. 
VALVE ENTHUSIASTS: Capacitors and other 
parts in stock. For free advice/lists please ring, 
Geoff Davies (Radio), Tel. 01788 574774. 
PROTOTYPE PRINTED CIRCUIT 
BOARDS one offs and quantities, for details 
send s.a.e. to B. M. Ansbro, 38 Poynings Drive, 
Hove, Sussex BN3 8GR, or phone Brighton 
883871, fax 01273 706670. 


G.C.S.E. ELECTRONIC KITS, at pocket 
money prices. S.A.E. for FREE catalogue. SIR- 
KIT Electronics, 52 Severn Road, Clacton, 
CO15 3RB. 

P.C.B. MANUFACTURING SERVICE: 
Prototype printed circuits, production from art- 
work out of magazines or CAD designs. Single 
or double- -sided, small and large, quantities and 
one-offs, at low cost. For more details phone 
Mr. Belt on 01673 842338. 

SAMPLE 20 ASSORTED COMPONENTS!! 
+ 12 projects to build, + bargain audio list. 
Enclose 26p s.a.e. K.I.A., 1 Regent Road, Ilkley 
LS29 9EA. 

PIC16F877-04, £6.00 each. s.a.e. plus cheque 
to R. Boardman, 4 Chapel Close, Ellesmere 
Port, South Wirral, CH65 2HP. Tel. 0151 356 
4588. 

SECOND USER TEST EQUIPMENT for 
sale: Scopes, generators, dmms, etc. H.P., 
Tektronix, Datron, Hameg, Marconi, Fluke, etc. 
Low prices. Also some non-working equipment 
for parts, experiments, etc. Ring or E-mail for 
list. 07930 144803 or bford@mitectelcom.com. 






PiC-project source code files: /pub/PICS 


EPE text files: /pub/docs 
Basic Soldering Guide: solder.txt 


UK Sources FAQ: uksource.zip 
Writing for EPE advice: write4us.txt 


EPE FTP site: ftp://ftp.epemag.wimborne.co.uk 


Access the FTP site by typing the above into your web browser, or by setting up an FTP 
session using appropriate FTP software, then go into quoted sub-directories: 


PIC projects each have their own folder; navigate to the correct folder and open it, then 
fetch all the files contained within. Do not try.to download the folder itself! 


EPE TENS Unit user advice: tens.doc and tens.txt 
Ingenuity Unlimited submission guidance: ing_unlt.txt 
New readers and subscribers info: epe_info.txt 
Newsgroups or Usenet users advice: usenet.txt 
Ni-Cad discussion: nicadfaq.zip and nicad2.zip 


On-line readers! Try the new EPE Chat Zone-a 
virtually real-time Internet “discussion board” in 
a simple to use web-based forum! 
http://www.epemag.wimborne.co.uk/wwwboard 


Or buy EPE Online: www.epemag.com 


































Ensure you set your FIP 
software to ASCII transfer 
when fetching text files, or 
they may be unreadable. 


Note that any file which 
ends in .zip needs unzip- 
ping before use. Unzip utili- 
ties can be downloaded 
from: 

http://www.winzip.com or 
http://www.pkware.com 
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TRAIN TODAY FOR A BETTER FUTURE 


Now you can get the skills and qualifications you need for 
career success with an ICS Home Study Course. Learn in the 
comfort of your own home at the pace and times that suit you. 
ICS is the world's largest, most experienced home study 
school. Over the past 100 years ICS have helped nearly 10 
million people to improve their job prospects. Find out how we 
can help YOU. Post or phone today for FREE INFORMATION 


on the course of your choice 


Electrical Contracting & Installation 
Electrical Engineering 

C&G/ICS Basic Electronic Engineering 
C&G/ICS Basic Mechanical Engineering 
TV and Video Servicing 

Radio and Hi-Fi Servicing 


Refrigeration Heating & Air Conditioning 
Motorcycle Maintenance 


Or write to: International Correspondence Schools, FREEPOST 882, 8 Elliot Place, 
Clydeway Skypark, Glasgow, G3 8BR. Tel: 0500 581 557 or Tel/Fax: Dublin 285 2533. 




















Please send me my Free Information on your Electronics Courses. 


Mr/Mrs/Ms/Miss 
BLOCK CAPITALS PLEASE 





y ee 





Occupation 


From time to time, we permit other carefully screened organisations to write to you about 
products and services. If you would prefer not to hear from such organisations please tick box [] 


Tel. No. 


Dept. ZEEE 011099 


Ko 


UPPLIER OF QUALITY USED 
TEST INSTRUMENTS 


CONTACT 


Unit Four, Fordingbridge Site, Barnham, 
Bognor Regis, West Sussex, PO22 OHD, UK 
Tel: (+44) 01243 545111/2. Fax: (+44) 01243 542457 
Web: http:\\www.cooke-int.com 
E-mail: info@cooke-int.com 


Detailed Instructions with Schematics 
High Quality Screen Printed PCBs 
High Quality Components 


Transmitters from 0-05W to 35W 
FM Stereo Coders 

Audio Compressor Limiters 
Antennas 

RF Power Amps 


WE DELIVERY WORLD-WIDE AND 
ACCEPT MAJOR CREDIT CARDS 


OPERATING & SERVICE MANUALS 


CONTACT 


Unit Four, Fordingbridge Site, Barnham, 
Bognor Regis, West Sussex, PO22 OHD, UK 
Tel: (+44) 01243 545111/2. Fax: (+44) 01243 542457 
Web: http:\\www.cooke-int.com 
E-mail: info@cooke-int.com 


1W Professional PLL FM Transmitter for Licenced Use in the UK 
Visit our Website at http://www.veronica.co.uk 


Tel 01274 883434 Fax 01274 428665 


email info@veronica.co.uk 


Unit 5/6 1A Sandbeds/Albert Rd Queensbury BRADFORD BD13 1AA 


Signal Diodes 1N4148 

Rectifier Diodes 1N4001 

Rectifier Diodes 1N4007 

W01 Bridge Rectifiers 

555 Timer |.C.s 

741 Op Amps 

Assorted Zener Diodes 400mW 

Assorted 7-segment Displays 

5mm l.e.d.s, red, green or yellow 

3mm l.e.d.s, hea dae or yellow 

Axial |.e.d.s, 2mcd red Diode Package .£1.00 
Asstd. High Brightness |.e.d.s, var cols .£1.00 
BC182L Transistors £1.00 
BC212L Transistors 

BC237 Transistors 

BC327 Transistors 

BC328 Transistors 

BC547 Transistors 

BC548 Transistors 

BC549 Transistors 

BC557 Transistors 

BC558 Transistors 

BC559 Transistors 

2N3904 Transistors 

inf 50V wkg Axial Capacitors 

4N7 50V wkg Axial Capacitors 

1uf 250V encapsulated radial plastic 

cased capacitors 

Asstd capacitors electrolytic- 

Asstd. capacitors 1nF to 1uF 


200 _ Asstd. disc ceramic capacitors 
Asstd. Skel Presets (sm, stand, cermet)£ 
Asstd. RF chokes (inductors) 
Asstd. grommets 
Asstd. solder tags, p/conns, terminals . 
Asstd. crystals — plug in 
Asstd. coil formers 
Asstd. dil switches 
Miniature slide switches sp/co 
Standard slide switches dp/dt 
Asstd. beads (ceramic, teflon, fish spine) 
Asstd. small stand offs, I/throughs etc . 
Asstd. dil sockets up to 40 way 
TV coax plugs, plastic 
Small spring loaded terminals 
metres very thin connecting wire, red . . 
lin. glass reed switches 
Magnetic ear pips with lead and plug £1. 
Any one value '/4W 5% cf resistors range 
1R to 10M £0.45 
7812 Voltage Regulators : 


83888838888888888 


E-mail sales@Bardwells.co.uk 
Web site: http:/www.bardwells.co.uk 
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Amiga genlock pcb (uncased) for titling videos it has 
a 23pin D lead to plug into the computer and pcb 
pins for composite video in and out. When no video 
input is connected the normal computer display is 
shown on the composite video out when the video 
input is added the white areas on the screen are 
replaced by the video image. The pcb is powered 
from the computer £19.98 
WATCH SLIDES ON TV “Liesgang diatv” automatic 
slide viewer with built in high a colour tv cam- 
era, composite video output with a BNC plug. In very 
ood condition with few signs of use £108.00 
oard cameras all with 512x582 pixels 4.4x3.3mm 
sensor with composite video out. All need to be 
housed in your own enclosure and have fragile 
ip surface mount parts and require 10V to 
12V dc power supply. 
47MIR size 60x36x27mm with 6 infra red leds (gives 
the same illumination as a small torch would) 
£50.00+vat=£58.75 
MP size 39x38x23mm spy camera with a fixed focus 
pin hole lens for hiding behind a very small hole 
£57+vat=£366.98 
40MC size 39x38x28mm camera for ‘C’ mount lens 
this gives a much clearer picture than with ge bie 


Standard ‘C’ mount lens F1.6 16mm for 40MC 
£26.43+vat=£31.06 
Waterproof camera with stylish tilt & swivel case. 
£92.76+vat=£109.00 or 10+£89.32+vat=£104.95 
DTA30 Handheld transistor analyser it tells you 
which lead is the base, the collector and emitter and 
if it is NPN or PNP or faulty. HMA20 handheld MOS- 
FET analyser identifies gate drain and source and if 
P or N channel DTA30 & HMA20 £38.34 each 


Speaker cabinets 2-way 
speaker dia 15” 
er rating 250W RMS 175WRMS 100W RMS 
80hm 80hm 


impedance 8o0hm 
freq. range 40hz-20kHz 45hz-20kHz 60hz-20kHz 
sensitivity(1W/1M) 97dB 94dB 92dB 
size in mm 500x720x340 450x640x345 315x460x230 
weight 21.1kg 16.8kg 7.4kg 
price each for black 
vinyl coating £139.95 £99.99 £54.94 

rey felt coating  £159.97** £119.97 £64.99 
(iat normally in stock allow 1 week for peel 

r amplifiers 19” rack mount with gain contro 

STA150 2x160Wrms (40hm load) 14kg £202.11 
STA300 | 2x190Wrms (4ohm load) 11kg £339.00 
STA900 2x490Wrms (4ohm load) 15kg £585.00 
LEDs 3mm or 5mm red or green 7p each yellow 11p each 
Cable ties 1p each £5.95 per 1000 £49.50 per 10,000 
Rechargable Batteries 
AA(HP7) 500mAH . . £0.99 AA 500mAH with solder tags 
AA 950mAH £1.75 C(HP11) 1.2AH £ 
C 2AH with solder tags £3.60 D(HP2) 1.2AH 
D 4AH with solder tags .£4.95 PP3 8.4V 110mAH . 
1/2AA with solder tags £1.55 Sub C with solder — sweating £2.50 
AAA (HP16) 180mAH £1.75 1/3 AA with tags (PhilipsCTV)£1.95 
Nickel Metal Hydryde AA cells high capacity with no 
memory. If charged at 100mA and discharged at 250mA or 
less 1300mAH capacity (lower capacity for high Macy 3 


RESISTORS 
0-25W 5% CARBON E24 values 1RO to 10M _ each 2p 
0:25W 1% METAL FILM E12 values 10R to 1M each 3p 
0-5W 5% CARBON E24 values 10R to 10M each 2'/5p 
0-6W 1% METAL FILM E12 values 10R to 1M each 
POTS 24mm: Single LIN 470R-2M2, LOG 4K7-2M2 55p 
DUAL POTS 24mm: LIN 1K-2M2, LOG 10K-2M2 179p 
POTS +SWITCH: LIN 1K-2M2, LOG 4K7-470K  189p 
OPEN PRESETS 10mm: 100R-2M2 HOR or VERT 9p 
CAPACITORS 
Radial Aluminium Electrolytics (uF/Volts) 
1/63, 2u2/25, 4u7/25, 10/16, 22/16, 47/16 5p 
2u2/63, 4u7/63, 10/63, 22/35, 47/25, 100/16 6p 
22/63, 33/63, 47/35, 100/25, 220/10, 470/10 
47/63, 100/35, 220/16, 330/10, 470/16 8p 
220/25, 9p; 470/25, 9p; 100/63, 12p; 220/63, 19p; 
470/63, 29p; 1000/16, 17p; 1000/25, By 1000/35, 39p; 
2200u: 6:3V, 19p; 10V, 29p; 16V, 32p; 25V, 64p; 35V, 82p; 
4700u: 16V, 74p; 25V, 119p; Others? Please enquire 
TRANSISTORS 


BC107/8/9, 17p; BC182/182L/183/183L/184/184L, 9p 
BC212/212L//237/238/327/337/547/8/9/557/8/9, 9p 
BC441/461/477/478, 49p; BC635/6/7/9/640/BCY70/1/2, 19p 
BD135/6/7/8/9/140, 24p; BF 180/182, 36p; BF 184/185, 59p 
BF259/BFX85/88, 39p; BFY50/1/2. 29p; MJE340/50, 49p 
TIP29A/C/30A/31 A/G/32A/C/34/41 A/42A, 39p; TIP47, 56p 
TIP120/1/2/5/6/7, 49p; TIP2955, £1.09; TIP3055, 84p 
ZTX107/8/9/21 2/3/4/300/1/2/3/4/10/13/500/1/2/550, 19p 
2N3702/3/4/5/6/7/8/9/1 0/1 1/2N3904/5/6/2N4401/3, 9p 
P&P NOW FREE ON ORDERS OVER £7 (otherwise £1) 


Special offers please check for availability stick of 4 
42x16mm Nicad batteries 171mmx16mm dia with red & 
black leads 4.8V £5.95 
5 button cell 6V 280mAh battery with wires (Varta 
5x250DK) £2.45 
Orbitel 866 battery pack 12V 1.60AH contains 10 sub C 
cells with solder tags (the size most commonly used in 
cordless screwdrivers and drills 22 diax42mm tall) it is 
easy to crack open and was manufactured in 1994 
£8.77 each or £110.50 per box of 14 
BCI box 190x106x50mm with slots to house a pcb the lid 
contains an edge connector (12-way 8mm pitch) and 
screw terminals to connect in wires and 5 slide in cabl 
blanks £2.95 
7-segment common anode led display 12mm .. . .£0.45 
GaAs FET low leakage current 73 £12.95 each 
£9.95 10+ £7.95 100+ BC547A transistor 20 for £1.00 
SL952 UHF yg Bool 
ackage with data sheet 
C-DC convertor Reliability model V12P5 12V in 5V 
200mA out 300V input to output Isolation with data 
£4.95 each or pack of 10 £39.50 
Airpax A82903-C large stepping motor 14V 7.5’ step 
27ohm 68mm dia body 6.3mm shaft 
£8.95 or £200.00 for a box of 30 
Polyester capacitors box type 22.5mm lead pitch 0.9uF 
250V dc 18p each, 14p 100+, 9p 1000+, 1uf 250Vdc 20p 
each,15p 100+,10p 1000+ 
Polypropylene 1uf 400V dc (Wima MKP10) 27.5mm pitch 
32x29x17mm case 75p each 60p 100+ 
Philips.123 series solid aluminium axial leads 33uF 10V & 
2.2uF 40V 40p each, 25p 100+ 
Solid carbon resistors very low inductance ideal for RF cir- 
cuits 27ohm 2W, 68ohm 2W 25p each 15p each 100+, we 
have a range of 0.25W 0.5W 1W and 2W solid carbon 
resistors, please send SAE for list. 
MX180 Digital multimeter 17 ranges 1000V dc 750V ac 
2Mohm 200mA transistor Hfe 9V and 1.5V battery - 


(£3.75 100+) 
Heatsink compound tube £0.95 
HV3-2405-E5 5-24V 50mA regulator ic 18-264V ac input 
pin DIL package £3.49 each (100+ £2.25) 
All products advertised are new and unused unless other- 
wise stated. Wide range of CMOS TTL 74HC 74F Linear 
Transistors kits, rechargable batteries, capacitors, tools 
etc always in stock. 
Please add £1.95 towards P&P (orders from the. Scottish 
Highlands, Northern Ireland, Isle of Man, Isle of Wight and 
overseas may be subject to higher P&P for heavy 
items).VAT included in all prices. 


DIODES 

1N4148, 2p each (100 for £1); 1N914 5p (50 for £1) 
1N4001/2/3/4/6/7, 4p; 1N5401/2/4/6/8, 9p 
ZENERS 2V7 to 33V.400mW, 7p; 1:3W, 12p 

INTEGRATED CIRCUITS : 
CMOS 4000/1/2/1 1/12UB/23/25/30/69/72/73/75, 19p 
74LS00, 27p; 74LS02, 17p; 74LS04, 24p; 74LS05, 17p 
74LS08, 19p; 74LS14, 25p; 74LS74, 37p; 74LS244, 38p 
TTL 7400/1/2/4/9/10/12/20/30, 19p; 7408, 29p; 
TIMERS: 555, 24p; 556, 42p; ICM7555, 34p; ICM7556, 109p 
OP.AMPS: LM324, 28p; LF351, 49p; LM358, 29p; 741, 23p 
CA3080E, 79p; CA3130E, 99p; CA3140E, 49p; CA3240E, 129p 
LINEAR: LM348, 31p; LM380, 93p; LM381, 164p; LM382, 149p 
LM386, 58p; LM387, 109p; LM389, 119p; LM391-80, 189p 
LM567, 58p; LM747, 39p; LM748, 38p; LM3909, 84p 
MC709, 69p; MC 1307, wre ryt he 89p; MC1310Q, 79p 


3mm or 5mm, Red, Yellow, Green, Amber each 10p 
10mm L.E.D.s, Red, Green, Yellow, Amber each 29p 
Low current L.E.D.s 2mA, 3mm or 5mm, R, GorY 19p 
Bi-colour L.E.D.s, 3mm or 5mm, R/G, R/Y or G/Y 36p 
Tri-colour L.E.D.s, 3mm or 5mm, R/G/Y each 39p 
RED flashing L.E.D. 9V to 12V, 3mm or 5mm each 69p 
DISCOUNTS: 5+ 5%, 10+ 10%, 25+ 15%, 100+ 20% 
Send LARGE SAE for list of TEACH-IN 2000 & KITS 
Send LARGE SAE for SEP '99 COMPONENT lists. NO VAT 
ALL MAJOR CREDIT CARDS, CHEQUES & POs ACCEPTED 


FML ELECTRONICS, FREEPOST NEA3627 
BEDALE, NORTH YORKSHIRE DL8 2BR 
TEL: 01677 425840 





Ideal for TEACH-IN 2000 


Built-in transistor test socket 
and diode test position. 
DC volts 200mV to 1000V. 
AC volts 200V to 750V. 
DC current 200mA to 10A. 
Resistance 200 ohms to 
2000K ohms. 


Special offer to EPE readers 
- incl. VAT 
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Buy your magazine online. EPE, the first magazine 
in the world to be available to buy from the web. 


TAKE A LOOK, A FREE ISSUE 
IS AVAILABLE 


COVERT VIDEO CAMERAS 


Black and White Pin Hole Board Cameras 
with Audio. Cameras in P.I.R., Radios, 
Clocks, Briefcases etc. Transmitting 
Cameras with Receiver (Wireless). 
Cameras as above with colour. 
Audio Surveillance Kits and Ready Built 
Units, Bug Detector etc. 


A.L. ELECTRONICS 


Please phone 0181 203 0161 for free catalogue. 
Fax 0181 201 5359 


New DTI approved Video Transmitters and Receivers (Wireless) | 




















SH ee ELECTRONICS 


‘FREE COMPONENTS 


Buy 10 x o1 Penecal Packs and choose ica one FREE 


SP1 15 x 5mm Red LEDs SP133 20x 1N4004 diodes 
SP2 12 x 5mm Green LEDs SP134 15x 1N4007 diodes 
SP3 12 x 5mm Yellow LEDs SP135 - 6x Min. slide switches - 
SP6 15 x 3mm Red LEDs SP136 3 x BFY50 transistors 
SP7 12 x 3mm Green LEDs SP137 4 x W005 1-5A bridge rectifiers 
SP10 100 x 1N4148 diodes SP138 20x 2-2/63V radial elect. caps. 
SP11 30 x 1N4001 diodes SP140 3 x W04 1-5A bridge rectifiers 
SP12 30 x 1N4002 diodes SP142 2 x CMOS 4017 
SP18 20 x BC182 transistors SP143 5 Pairs min. crocodile clips 
SP20 20 x BC184 transistors (Red & Black) 
SP21 20 x BC212 transistors 6 x ZTX300 transistors 
SP23 20 x BC549 transistors 10 x 2N3704 transistors 
SP24 4 x CMOS 4001 5 x Stripboard 9 strips x 
SP25 4 x 555 timers 25 holes 

4 x 741 Op.Amps 4 x 8mm Red LEDs 

4 x CMOS 4011 4 x 8mm Green LEDs 

3 x CMOS 4013 4 x 8mm Yellow LEDs 

4 x CMOS 4071 15 x BC548 transistors 

25 x 10/25V radial elect. caps. 
15 x 100/35V radial elect. caps. 


SP145 
SP146 
SP147 


SP151 
SP152 
SP153 
SP154 
SP156 3 x Stripboard, 14 strips x 
27 holes 

10 x 2N3904 transistors 
10 x 2N3906 transistors 

2 x LF351 Op.Amps 

6 x BC107 transistors 

6-x BC108 transistors 
20 x 1/63V radial elect. caps. 
10 x 1A 20mm quick blow 


SP160 
SP161 
~ SP165 
SP167 
SP168 
SP175 
SP177 


10 x 470/16V radial elect. caps. 
_ 15 x BC237 transistors 
20 x Mixed transistors _ 
200 x Mixed 0:25W C.F. resistors 
5 x Min. PB switches , 
20 x 8-pin DIL sockets 
15 x 14-pin DIL sockets 
15 x 16-pin DIL sockets 
4x 74LS00 
15 x BC557 transistors 
15 x Assorted polyester caps 
4 x CMOS 4093 
3 x 10mm Red LEDs 
3 x 10mm Green LEDs 
2 x CMOS 4047 
3 x 74LS93 
20 x Assorted ceramic disc caps 
100 x Mixed 0-5W C.F. resistors 
- 2x TLO71 Op.Amps 


SP182 
SP183 
SP187 
SP191 
SP192 
SP193° 
SP194 
SP195 
SP197 
SP198 


fuses 
20 x 4-7/63V radial elect. caps. 
20 x BC547 transistors 
15 x BC239 transistors 
3 x CMOS 4023 
3 x CMOS 4066 
20 x BC213 transistors 
8 x OA90 diodes 
3 x 10mm Yellow LEDs 
- -6 x 20 pin DIL sockets 
5 x 24 pin DIL sockets 
SP131 
uh: }:}: Bi O@r-)e-llelelel-maleni a= hcl f-]e](-ae am 
inc. P&P or FREE with first order. 
P&P £1.25 per order. NO VAT 
Orders to: 
Sherwood Electronics, 
7 Williamson St., Mansfield, 
Notts. NG19 6TD. 


RESISTOR PACKS -— C.Film 
RP3 5 each value —total3650-25W £2.80 
RP7 10 each value — total 730 0:25W £4.00 
RP10 1000 popular values 0-25W .80 
RP4 - 5 each value-total 365 0-5W 
RP8 10 each value-total 730 0-5W 
RP11 1000 popular values 0-5W 











Millions of quality components 


at lowest ever prices! 
Plus anything from bankruptcy — theft recovery 
— frustrated orders — over productions etc. 
Send 50p stamped self-addressed label or 


envelope for clearance lists. 
Brian J Reed 
6 Queensmead Avenue, East Ewell, 
Epsom, Surrey KT17 3EQ 
Tel: 07775 945386 
Mail Order UK only. 


Lists are updated and only 40 are sent out every 2 weeks. This 
normally ensures that orders can be fulfilled where only a few 
thousands of an item is available. (Payment is returned if sold out. | do 
not deal in credit notes). This will sometimes entail a delay of up to 
eight weeks — but the prices will be worth the wait! 
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1000’s 
SOLD 
TO PRO 
USERS 





THE RENOWED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 ( 100W + 100W ) MXF400 (200W + 200W) 
MXF600 (300W + 300W) MXF900 (450W + 450W) 
ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN 


FEATURES: * Independent power supplies with two toroidal transformers * Twin L.E.D. Vu Meters 
* Level controls * Illuminated on/off switch * Jack/XLR inputs * Speakon outputs * Standard 775mV 
inputs * Open and short circuit proof * Latest Mos-Fets for stress free power delivery into virtually any 
load * High slew rate * Very low distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. 
loudspeaker and thermal protection. 


(USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 


MXF200 W19” Dit” —-H32.” (2U) 

sizes:-. | MXF400 W19” D12”_H5:” (3U) 
“ MXF600 W19” _D13”,—-H52” (3U) 
MXF900 W19” D142” H52” (3U) 


MXF400 £233.85 
MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 


PRICES:- MXF200 £175.00 
MXF600 £329.00 














BASS X MID XTOP BASS/MID XTOP ASSX_MID/TOP 
CONFIGURED 3 WAY 2 WAY BASS/MID COMBINED = 2 WAY MID/TOP COMBINED 
EATURES: 


Advanced 3-Way Stereo Active Cross-Over (switchable two way), housed in a 19” x 1U case. Each channel 
as three level controls: Bass, Mid & Top. The removable front fascia allows access to the programmable DIL 
Bwitches to adjust the cross-over frequency: Bass-Mid 125/250/500Hz, Mid-Top 1.8/3/5Hz, all at 24dB per 
bctave. The 2/3 way selector switches are also accessed by removing the front fascia. Each stereo channel 
an be configured separately. Bass Invert Switches are incorporated on each channel. Nominal 775mV 
nput/output. Fully compatible with OMP Rack Amplifier and Modules. 


PRICE:- £117.44 + £5.00 P&P 


he 12 and 16 Channel SPM Series Of Studio Quality Mixers 
Are Ideal For Fixed Installation Stage And Mobile Use. 


48v PHANTOM POWER 
BUILT INPOWER SUPPLY 
230V AC/50Hz 

PEAK INPUT LEVEL LEDS 
PRE FADE LISTEN (PFL) 
SUB MASTER OUTPUT 
COMBINED XLR/ JACK 
60mm FADERS * CH.MUTE 
2 STEREO AUX.SEND/RETURN 
CONSTANT PAN CONTROL 
3 BAND EQ WITH MID SWEEP 
HEADPHONE/CONTROL ROOM O/P * 
CD/TAPE INPUTS & OUTPUTS 
BALANCED INPUTS & OUTPUTS 
BUS ASSIGN SWITCH 

MONITOR SEND 










acces 


PRICES.- SPM1202 4MONO MIC/LINE.4STEREO INPUTS £299.00 FREE 
SPM1602 8BMONO MIC/LINE.4STEREO INPUTS £399.00 UK P&P 














* 4 STEREO INPUT 
CHANNELS 

* 2 DJ MIC INPUT 
CHANNELS 


* 2X7 BAND GRAPHIC 
EQUALISERS 


* HEADPHONE 
MONITOR WITH PFL 
* ASSIGNABLE 
CROSSFADE 
* DIGITAL ECHO 
STEREO DISCO MIXER WITH:- «2X7 GRAPHIC EQUALISERS *2 MONO MIC INPUTS *DJ MIC 
ITH FADER, TALKOVER AND VOICE CHANGER *4 STEREO CHANNELS WITH _ INDIVIDUAL 
ADERS AND ASSIGNABLE CROSSFADE *xCHANNELS SWITCHABLE, TURNTABLE (MAG 
ARTRIDGE), CD, LINE, TAPE, ETC. *ECHO WITH BALANCE, REPEAT AND DELAY 
HEADPHONE MONITOR WITH PREFADE LISTEN *CHOICE OF 6 SOUND EFFECTS *STEREO 
ONO SWITCH *2 X LED VU METERS *MASTER FADER * OUTPUT 775mV 
SIZE:- 482X240X115mm *POWER:- 230V AC 50/60Hz.PRICE:- £169.00 + £5.00 P&P 


CYBERWAVE FMM 1000 -.-.. 
IDEAL FOR:- LIVE BANDS, PUBLIC ADDRESS & KARAOKE ETC. 
ON/STANDBY/OFF SWITCH MOUNTED ON MIC BARREL FOR EASE OF USE 
100 HOURS BATTERY RUNNING TIME. 1PP3 (NOT SUPPLIED) 
SINGLE CHANNEL RF MICROPHONE 174.23 OR 174.56MHz 

MAINS ADAPTOR FOR RECEIVER SUPPLIED * FM LOCK INDICATOR 
VOL CONTROL ON RECEIVER. PRICE:- £119.99 FREE UK P&P 





A new range of quality loudspeakers, designed to take 
advantage of the latest loudspeaker technology and 
enclosure designs. All models utilize high quality studio 


cast aluminium loudspeakers with factory fitted grilles, wide dispersion constant 


directivity horns, extruded aluminium corner protection and steel ball corners, 
complimented with heavy duty black covering. The enclosures are fitted as standard 
with top hats for optional loudspeaker stands. The FC15-300 incorporates a large 
16 X 6 inch horn. All cabinets are fitted with the latest Speakon connectors 
for your convenience and safety. Five models to choose from 





DOH-ZOZ mooms 





PLEASE NOTE:- POWER RATINGS 
QUOTED ARE IN WATTS R.M.S. FOR 
EACH INDIVIDUAL CABINET. 

ALL ENCLOSURES ARE 8 OHM. 
15=15 inch speaker 
12=12 inch speaker 

ibl FC15-300 WATTS Freq Range 35Hz-20KHz, Sens 101dB, Size H695 W502 D415mm 

PRICE:- £299.00 per pair 
ibl FC12-300 WATTS Freq Range 45Hz-20KHz, Sens 96aB, Size H600 W405 D300mm 
PRICE:- £249.00 per pair 
ibl FC12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB, Size H600 W405 D300mm 
PRICE:- £199.00 per pair 
ibl FC12-100 WATTS Freq Range 45Hz-20KHz, Sens ee, size H546 W380 D300mm 
RICE:- £179.00 per pair 
ibl WM12-200 WATTS Freq Range 40Hz-20KHz, Sens 9748, Size H418 W600 D385mm 

PRICE:- £125.00 EACH 

SPECIALIST CARRIER DEL:- £12.50 per pair, Wedge Monitor £7.00 each 
Optional Metal Stands PRICE:- £49.00 per pair Delivery:- £6.00 


COLOSSUS POWER 


VERY HIGH POWER ane 

THE COLOSSUS RANGE OF LOUDSPEAKERS 

ARE DESIGNED FOR USE IN SUPERIOR HIGH 
POWER OUTPUT SYSTEMS. ALL MODELS ARE 8 OHM 
COLOSSUS 12MB:-* 12 INCH * 450WATT R.M.S. 
* 900 WATTS PEAK * Sens 98 dB.* Res Freq.55 Hz. 
* Frequency Range 40 Hz-3.5KHzPRICE £129.00 
COLOSSUS 15XB:-* 15 INCH * 600WATTS R.M.S. 
* 1200 WATTS PEAK * Sens 99 dB * Res Freq.35 Hz. 
* Frequency Range 30 Hz-1.0KHz PRICE £159.00 


COLOSSUS 18XB:-* 18 INCH * 600WATTS R.M.S. 
* 1200 WATTS PEAK *Sens 100dB.* Res Freq.30 Hz. 
* Frequency Range 27 Hz-1.0Kz PRICE £183.00 

ALL MODELS ARE DELIVERED CARRIAGE FREE(UK ONLY) 








SUPPLIED READY 
BUILT AND TESTED 
These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby marketi.e. Industry, Leisure, Instrumental and 
Hi-Fi etc. When comparing prices, NOTE that all models include toroidal power supply, integralheat sink, glass fibre 
P.C.B. and drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF oo PURCHASED BY PROFESSIONAL USERS 
OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz - 
3dB, Damping Factor >300, Slew Rate 45V/uS, T.H.D 
typical 0.002%, Input Sensitivity 500mV, S.N.R. - 
110dB. Size 300 x 123 x 60mm 

PRICE:- £42.85 + £4.00 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, T.H.D. 
typical 0.001%, Input Sensitivity 500mV, S.N.R. -110dB. 
Size 300 x 155 x 100mm. 


PRICE:- £66.35 + £4.00 P&P 


~@ OMP/MF 300 Mos-Fet Output power 300 watts 
* RMS. into 4 ohms, frequency response 1Hz - 100KHz 
« -3dB, Damping Factor >300, Slew Rate 60V/uS, T.H.D. 
* typical 0.001%, Input Sensitivity 500mV, S.N.R. -110dB. 
Size 330 x 175 x 100mm. 


PRICE:- £83.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
, -3dB, Damping Factor >300, Slew Rate 75V/uS, 
F T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti- Thump Delay. Size 385 x 210 x 105mm. 
PRICE:- £135.85 +£6.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.MS. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti- Thump Delay. Size 422 x 300 x 125mm. 
PRICE:- £261.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. OR 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC 
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